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ABSTRACT 
Aims: This thesis was designed to elucidate the opportunities and challenges faced 
by the surgeon and the patient in the era of modern rectal cancer surgery. Temporal 
changes in the treatment and survival of patients with rectal cancer during 2001-2012 
were evaluated on the basis of a biobank database. The novel extralevator 
abdominoperineal excision (ELAPE) was compared to standard abdominoperineal 
excision (APE) in patients with locally advanced rectal cancer. The incidence, 
location and risk factors for local recurrence (LR) after modern multimodality 
treatment of rectal cancer were determined. To promote the assessment of 
postoperative bowel function in rectal cancer patients the low anterior resection 
syndrome (LARS) Score –questionnaire was translated to Finnish and validated. 
Patients and Methods: The material consisted of patients treated for rectal 
cancer at Turku University Hospital between 2001 and 2016. Data was collected 
retrospectively from prospectively maintained electronic medical records. Answers 
to the LARS Score –questionnaire and quality of life (QoL) -questionnairres were 
collected by mail.  
Results: The results of the current study showed that from 2001 to 2012, the 
overall survival and cancer spesific survival of patients with stage I-III rectal cancer 
significantly increased. In locally advanced rectal cancer, patients operated with 
ELAPE did not have a better long-term survival than patients operated with APE. In 
stage I-III rectal cancer treated with curative intent, the incidence of LR was 11%.  
There was a slight predominance of lateral LRs. As a long term functional result 
54% of rectal cancer patients that underwent continence preservering surgery had 
major LARS. The Finnish LARS Score –questionnaire was shown to be a valid test 
in the assessment of postoperative bowel function and its impact on the QoL. 
Conclusions: With modern multimodality treatment the survival of patients with 
rectal cancer is excellent even though LR still sometimes occurs. Many of the 
survivors need guidance regarding LARS. 
KEYWORDS: Combined modality therapy, local recurrence, proctectomy, quality 
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TIIVISTELMÄ 
Tavoitteet: Tämän väitöstutkimuksen tavoitteena oli selvittää nykyaikaiseen 
peräsuolisyöpäkirurgiaan liittyviä mahdollisuuksia ja haasteita sekä kirurgin että 
potilaan näkökulmasta. Muutoksia peräsuolisyövän hoidossa ja hoidon jälkeisessä 
elossaoloajassa vuosien 2001–2012 aikana tutkittiin biopankkiaineiston pohjalta. 
Paikallisesti edenneen peräsuolisyövän hoidoksi käyttöön otetun laajennetun 
peräsuolen poistoleikkauksen (ELAPE) pitkäaikaistuloksia verrattiin perinteisen 
peräsuolen poistoleikkauksen (APE) tuloksiin. Tutkimuksessa selvitettiin lisäksi 
peräsuolisyövän modernin hoidon jälkeen todettavien paikallisuusiutumien 
ilmaantuvuutta, sijaintia ja riskitekijöitä. Peräsuolisyöpäpotilaiden leikkauksen 
jälkeistä suolen toimintaa arvioimaan kehitetty LARS-kysely suomennettiin ja 
validoitiin.  
Aineisto ja menetelmät: Tutkimuksen aineisto koostui Turun yliopistollisessa 
keskussairaalassa vuosien 2001 ja 2016 välillä hoidetuista peräsuolisyöpäpotilaista. 
Tiedot kerättiin takautuvasti sähköisestä sairauskertomuksesta. LARS-kyselyn ja 
elämänlaatukyselyiden vastaukset kerättiin potilailta postitse.  
Tulokset: Tutkimuksessa todettiin, että vuosien 2001 ja 2012 välillä levin-
neisyysasteiden I–III peräsuolisyöpään sairastuneiden potilaiden kokonaiselossaolo 
ja tautispesifinen elossaolo paranivat merkitsevästi. ELAPE-tekniikalla leikattujen 
paikallisesti edennyttä syöpää sairastavien potilaiden pitkäaikaisennuste ei 
kuitenkaan ollut perinteisellä tekniikalla leikattuja parempi. Paikallisuusiutuma 
todettiin 11 %:lla radikaalitavoitteisesti hoidetuista levinneisyysasteen I-III 
peräsuolisyöpäpotilaista. Lantion sivuilla sijaitsevia uusiutumia oli hiukan muita 
sijainteja enemmän. Merkittäviä pitkäkestoisia ulostamiseen liittyviä oireita oli 54 
%:lla potilaista, joiden peräaukko oli voitu peräsuolisyöpäleikkauksessa säästää.  
Suomennettu LARS-kysely todettiin validiksi leikkauksen jälkeisen suolen 
toiminnan ja sen elämänlaatuvaikutusten arvioinnissa.  
Johtopäätökset: Peräsuolisyövän nykyaikaisen yhdistelmähoidon tulokset 
elossaolon perusteella arvioituna ovat erinomaisia, vaikka paikallisuusiutumia 
edelleen ilmaantuu. Monet peräsuolisyövästä selviytyneet tarvitsevat tukea 
toiminnallisten suolioireiden helpottamiseksi.  
AVAINSANAT: Elossaolo, elämänlaatu, kysely, käännös, peräsuolisyöpä, perä-
suolisyöpäleikkaus, riskitekijä, syövän paikallisuusiutuma, yhdistelmähoito.  
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LVI Lymphovascular invasion 
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TNM Tumor, Node, Metastasis 
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Surgery is the primary treatment of rectal cancer. Advances made in surgical 
techniques, especially the introduction of total mesorectal excision (TME) by Heald 
(Heald et al. 1982), have contributed to improved survival of rectal cancer patients 
(Guren et al. 2015, Kodeda et al. 2015). In many countries rectal cancer surgery has 
been centralised and multidisciplinary teams (MDTs) tailor the treatment, which 
selectively includes preoperative radiotherapy (RT), chemoradiotherapy (CRT) or 
adjuvant chemotherapy in addition to surgery (Brændengen et al. 2008, van Gijn et 
al. 2011, Guren et al. 2015, Zhao et al. 2016). During the 21st century enhanced 
preoperative assessment with magnetic resonance imaging (MRI) (MERCURY 
Study Group 2006) and standardised postoperative evaluation with histopathology 
(Quirke et al. 2009) have also dramatically modernised and specified the decision 
making process in the MDT meetings. 
One of the recent changes in rectal cancer surgery is the introduction of 
extralevator abdominoperineal excision (ELAPE) in 2007 (Holm et al. 2007). The 
technique was advocated to overcome the problems encountered with standard 
abdominoperineal excision (APE), mainly positive circumferential resection 
margins (CRMs) and intraoperative perforations (IOPs), which hampered the 
oncological outcome of the patients with low rectal cancer (Eriksen et al. 2004, Wibe 
et al. 2004, Nagtegaal et al. 2005). ELAPE has become widely used, although the 
results of its superiority over APE are conflicting (Han et al. 2012, Zhou et al. 2015, 
Prytz et al. 2016, Bianco et al. 2017). In Finland, ELAPE is performed in 
approximately 50 % of the patients that require an APE (National Institute for Health 
and Welfare 2019). 
Local recurrence (LR) of rectal cancer still occurs in 4-15 % of patients in spite 
of advances made in surgical techniques and neoadjuvant treatments (van Gijn et al. 
2011, Glimelius et al. 2016, Poulsen et al. 2018, Peacock et al. 2019). Overall 
survival (OS) of patients with LR is often short and symptoms of pelvic pain, 
bleeding and fistula formation are difficult to palliate (Kodeda et al. 2012, Westberg 
et al. 2018). When LR is encountered, the chance for cure lies in radical surgery and 
the likelihood of its success is higher if the LR is situated axially or anteriorly in the 
pelvis (Moore et al. 2004, Westberg et al. 2018, Hagemans et al. 2019). Data on 
Anu Carpelan 
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location of LR after modern multimodality treatment is sparse, and has mainly been 
assessed in patient subgroups, for example in patients with cT3-T4 tumours only 
(Schaap et al. 2018, Ogura et al. 2019a) or in patients referred for surgery of LR 
(Denost et al. 2015).  
As the survival of rectal cancer patients has increased, quality of life (QoL) after 
treatment is becoming increasingly important. Defecation disorders are frequent 
after anterior resection and the usual combination of symptoms (urgency, 
fragmentation, incontinence) is called low anterior resection syndrome (LARS) 
(Ortiz & Armendariz 1996). The long-term prevalence of LARS has been reported 
to be up to 41-56% (Chen et al. 2015, Croese et al. 2018, Pieniowski et al. 2019). 
The LARS score was developed in 2012 to ease the assessment of the severity of 
defecatory symptoms and their impact on QoL (Emmertsen & Laurberg 2012). It is 
a five item questionnaire, by which rectal cancer patients can be divided into having 
no, minor or major LARS. Although the LARS score has been widely adopted by 
the clinical and research communities, a recent study from the Netherlands still 
showed that postoperative bowel function is not routinely tested and more patient 
education is needed (Thomas et al. 2019).  
In this thesis the temporal changes in the treatment and survival of patients with 
rectal cancer during 2001-2012 were evaluated. Special focus was directed to 
survival after ELAPE operation as well as to the incidence, location and risk factors 
of LR. Finally, validation of the translated Finnish LARS Score –questionnaire was 
performed to promote the evaluation and management of LARS in Finnish rectal 
cancer patients.
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2 Review of the Literature 
2.1 Epidemiology and clinical presentation of rectal 
cancer 
2.1.1 Incidence of rectal cancer 
Colorectal cancer (CRC) is the third most common cancer worldwide, with 1.8 
million new cases diagnosed annually (IARC 2018). Rectal cancer represents one 
third of all CRC cases and its age standardised incidence in Finland in 2017 was 
21.5/100 000/year (Finnish Cancer Registry). The incidence of CRC is higher in men 
and in older age groups, but lately the greatest increase in incidence has been seen 
in those under 50 years of age. This increase is mainly attributed to increasing 
number of rectal cancer in young patients. In age groups older than 50 years the 
incidence has, in fact, started to slowly decline, possibly due to CRC screening 
(Siegel et al. 2017, Kasi et al. 2019).  
2.1.2 Pathogenesis of rectal cancer 
The majority of CRCs develop from adenomatous polyps (Stryker et al. 1987, Fearon 
2011) and the risk of developing CRC can be reduced by colonoscopic polypectomy 
(Winawer et al. 1993). Serrated sessile lesions or traditional serrated adenomas act 
as precursors in up to 25% of CRCs (Mäkinen et al. 2001, Crockett & Nagtegaal 
2019). In chronic inflammatory bowel disease (ulcerative colitis and Crohn’s 
disease), CRC is suspected to arise also from flat dysplastic mucosae without a 
visible precursor lesion (Itzkowitz & Harpaz 2004).  
The formation of an adenoma and its subsequent progression to carcinoma are 
promoted by a series of mutations in tumour-suppressor genes (e.g. APC, p53) and 
oncogenes (e.g. KRAS, BRAF). This phenomenon is referred to as the chromosomal 
instability (CIN) pathway of CRC development and it accounts for more than 80% 
of CRCs. A minority of CRCs (15%) develop through the microsatellite instability 
(MSI) and CpG island methylator phenotype (CIMP) pathways, but these are more 
common in proximal colon than in rectum. (Fearon 2011, Muzny et al. 2012, Galon 
et al. 2014) 
Anu Carpelan 
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The majority of the genetic mutations leading to CRC are sporadic, while 
heritable factors account for 12 to 35% of CRC incidence (Lichtenstein et al. 2000, 
Czene et al. 2002). Family members of patients with CRC have an elevated risk for 
developing rectal cancer, even without the presence of a spesific known hereditary 
cancer syndrome, which only account for 5 to 10 % of CRCs (Syngal et al. 2015). 
The most significant of these hereditary syndromes is the Lynch syndrome, formerly 
known as hereditary non-polyposis colorectal cancer (HNPCC) (Mecklin et al. 
2007). Other hererditary conditions that substantially increase the risk of developing 
CRC are familial adenomatous polyposis (FAP), attenuated familial adenomatous 
polyposis (AFAP), MUTYH -associated polyposis (MAP), Peutz–Jeghers syndrome 
and juvenile polyposis syndrome. 
Rectal cancer is more common in developed countries (IARC 2018), which has 
been largely attributed to dietary and lifestyle factors. Obesity, physical inactivity, 
smoking, excessive alcohol consumption and an unhealthy diet (low on fiber, fruits 
and vegetables and high on red and processed meat) are potentially modifiable risk 
factors for CRC, although the association of obesity and lack of physical exercise 
has been less pronounced in rectal than colon cancer (Aleksandrova et al. 2014). 
Recently, also gut microbiome and its alterations have been shown to have a role in 
colorectal carcinogenesis (Gagnière et al. 2016, Zhang et al. 2019). 
2.1.3 Presentation and symptoms of rectal cancer 
Rectal bleeding and change in bowel habits are the typical symptoms of rectal cancer 
(Hamilton et al. 2005). Up to 12-15 % of patients present in emergency setting with 
symptoms of bowel obstruction or perforation (Abel et al. 2015, Comber et al. 2016). 
Patients can also have weight loss and abdominal or pelvic pain, but although these 
symptoms sound alarming, they are not necessarily associated with a more advanced 
stage of disease (Stapley et al. 2006). Nevertheless, many of the patients are 
asymptomatic, especially in the early stages of the disease. Therefore screening 
programs have been started in many countries, based on showing blood in stools by 
either guaiac fecal occult blood test (gFOBT) or fecal immunochemical test (FIT) 
(Logan et al. 2012, Lauby-Secretan et al. 2018) or endoscopy without previous fecal 
testing (Brenner et al. 2014). Although screening has been shown to reduce CRC 
mortality by 9-32% in other countries (Lauby-Secretan et al. 2018) a previous 
gFOBT based screening program in Finland did not succeed in reducing mortality 
and was suspended (Pitkäniemi et al. 2015). The newer FIT is expected to perform 
better and therefore a randomised pilot study on CRC screening with FIT was started 
in Finland in 2019 (Heinävaara et al. 2019). 
Review of the Literature 
 15 
2.2 Diagnosis and staging 
2.2.1 TNM staging of rectal cancer 
Staging of rectal cancer is performed both in the diagnostic phase (to determine 
correct treatment) and postoperatively (to assess need for adjuvant treatment and 
follow-up based on risk of recurrence). The Tumour, Node, Metastasis (TNM) 
classification and staging of rectal cancer are presented in Tables 1 and 2 (UICC 
2017). In case of clinical classification, prefix c is used (cTNM), for pathological 
classification the prefix is p (pTNM). An additional prefix y is added if staging is 
performed after neoadjuvant treatment (ypTNM). Patients who have a pathological 
complete response (pCR) to neoadjuvant treatment are classified as ypT0N0cM0.  
2.2.2 Clinical examination and colonoscopy 
The majority of rectal cancers are palpable on digital rectal examination (DRE), 
since less than one third of tumours are in the upper rectum (Augestad et al. 2018). 
Diagnosis is established by flexible endoscopy and the tumour is biopsied for 
pathological examination. Colonoscopy up to ceacal valve is recommended to rule 
out synchronous colon cancer, which is present in 2 – 6 % of the patients (Nikoloudis 
et al. 2004, Piñol et al. 2004, Latournerie et al. 2008, Mulder et al. 2011). Clinical 
examination by DRE can be complemented with endoscopic ultrasound imaging, 
which in expert hands can help in staging of distal T1-T2 early rectal cancer (Morino 
et al. 2015). Laboratory examinations include full blood count, renal and liver 
function test as well as carcinoembryonic antigen (CEA), which acts as a prognostic 
marker and has value in follow-up (Kim et al. 2015, Glynne-Jones et al. 2017). 
Clinical evaluation of the patient includes the assessment of functional status and 
physical performance as well as anal continence, in order to determine the extent of 
treatment feasible for the individual patient, especially in the case of elderly patients 
(Papamichael et al. 2015, Niemeläinen et al. 2020).  
2.2.3 Pathology 
Pathological examination of biopsies confirms the diagnosis of rectal cancer. The 
majority of the tumours are adenocarcinomas (90%) that originate from epithelial 
cells. Other histological types are mucinous, signet ring cell, medullary, 
micropapillary, serrated, cribriform comedo-type, adenosquamous, spindle cell, 
neuroendocrine, mixed neuroendocrine non-neuroendocrine (MINEN) and 
undifferentiated carcinoma (Galon et al. 2014).  
Anu Carpelan 
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Table 1. Tumour, Node, Metastasis (TNM) classification of rectal cancer (UICC 2017). 
T - PRIMARY TUMOUR 
Tx Primary tumour cannot be assessed 
T0 No evidence of primary tumour 
Tis Carcinoma in situ: invasion of lamina propria 
T1 Tumour invades submucosa 
T2 Tumour invades muscularis propria 
T3 Tumour invades subserosa or into perirectal tissues 
T4 Tumour directly invades other organs or structures and/or perforates visceral peritoneum 
 
T4a Tumour perforates visceral peritoneum 
 
T4b Tumour directly invades other organs or structures 
N - REGIONAL LYMPH NODES 
Nx Regional lymph nodes cannot be assessed 
N0 No regional lymph node metastasis 
N1 Metastasis in 1 to 3 regional lymph nodes 
 
N1a Metastasis in 1 regional lymph node 
 
N1b Metastasis in 2 to 3 regional lymph nodes 
 
N1c Tumour deposit(s), i.e. satellites, in the subserosa or perirectal soft tissue, without 
regional node metastasis 
N2 Metastasis in 4 or more regional lymph nodes 
 
N2a Metastasis in 4-6 regional lymph nodes 
 
N2b Metastasis in 7 or more regional lymph nodes 
M - DISTANT METASTASIS 
M0 No distant metastasis 
M1 Distant metastasis 
 
M1a Metastasis confined to one organ without peritoneal metastases 
 
M1b Metastasis in more than one organ 
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Table 2.  TNM staging of rectal cancer (UICC 2017) 
STAGE T N M 
0 Tis N0 M0 
I T1, T2 N0 M0 
II T3, T4 N0 M0 
IIA T3 N0 M0 
IIB T4a N0 M0 
IIC T4b N0 M0 
III Any T N1, N2 M0 
IIIA T1, T2 N1 M0  
T1 N2a M0 
IIIB T1, T2 N2b M0  
T2, T3 N2a M0  
T3, T4a N1 M0 
IIIC T3, T4a N2b M0  
T4a N2a M0  
T4b N1, N2 M0 
IV Any T Any N M1 
IVA Any T Any N M1a 
IVB Any T Any N M1b 
IVC Any T Any N M1c 
 
Structured assessment and pathology report of the surgical specimen is 
recommended postoperatively (Glynne-Jones et al. 2017). Several important 
prognostic factors are assessed by the pathologist in addition to the pTNM staging. 
For a reliable evaluation of pN-stage, at least 12 nodes need to be dissected (Xu et 
al. 2017). CRM refers to the shortest distance of the tumour to the resection margin 
in cross-sectional plane. A CRM of  ≤ 1mm is independently associated with shorter 
disease free survival (DFS) and overall survival (OS) (Nagtegaal & Quirke 2008). 
The quality of mesorectal excision is reported as the plane of surgery being 
mesorectal, intramesorectal or exposing muscularis propria (Quirke et al. 2009). OS 
is also impaired in the presence of extramural vascular invasion (EMVI) also referred 
to as lymphovascular invasion (LVI) (Chand et al. 2015, McClelland & Murray 
2015). Other prognostic factors to be reported include perineural invasion (PNI) 
(Song et al. 2019), tumour budding (Prall 2007), tumour deposits (Belt et al. 2010, 
Anu Carpelan 
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Shen & Hong 2019) and cellular mucin pools (Frankel & Jin 2015, Reggiani Bonetti 
et al. 2017). The response of the tumour to possible preoperative CRT is evaluated 
with the Dworak classification. Tumour regression grades (TRG) range from 0 to 4, 
where higher numbers refer to a better response and are a prognostic sign of better 
5-year DFS (Dworak et al. 1997, Rödel et al. 2005). 
2.2.4 Magnetic resonance imaging 
MRI is the most accurate method for preoperative local staging of rectal cancer 
compared to DRE or endoscopic ultrasound (Brown et al. 2004). The importance of 
MRI in predicting the involvement of mesorectal fascia (MRF, distance ≤ 1mm) or 
the intersphincteric plane by tumour has been shown to correlate with pCRM 
positivity as well as OS, DFS and LR rate (MERCURY Study Group 2006, 
MERCURY Study Group 2007, Taylor et al. 2014, Battersby et al. 2016). With MRI 
the cT3-stage of the tumour can also be subdivided to cT3a-d, where the extent of 
extramural growth of the tumour for more than 5 mm (cT3c/d) is a sign of worse 
prognosis (Table 3) (MERCURY Study Group 2007, Zinicola et al. 2017). The 
detection of EMVI in preoperative MRI implies a significant risk of development of 
distant metastases during follow up (OR=3.91, 95% CI 2.61-5.86, p<0.001) (Bugg 
et al. 2014, Siddiqui et al. 2017).  
After CRT, MRI is used in local restaging in cases were treatment response 
evaluation is needed before surgery. It is accurate in predicting pCRM positivity and 
thus helps in planning of the extent of surgery needed for radical removal of the 
tumour when MRF is threatened or involved (Battersby et al. 2016).  TRG is also 
reported, with values from 1 to 5, where smaller numbers refer to a better response 
in contrast to the Dworak classification (Patel et al. 2012). However MRI alone is 
not sensitive and specific enough to reliably detect pCR (Sclafani et al. 2017). 
For the evaluation of N-stage, MRI has shown conflicting results. Although the 
MERCURY study showed good sensitivity (85%) and spesifity (97%) for detection 
of lymph node metastasis by MRI (Brown et al. 2003), these results have not been 
replicated by others (Kim et al. 2009, Park et al. 2014). A meta-analysis found a 77% 
sensitivity and 71% specificity for MRI to detect nodal metastasis and concluded 
MRI to be poor in rectal cancer N-staging (Al-Sukhni et al. 2012). In real life clinical 
practice, the sensitivity and positive predictive value of MRI in N-stage evaluation 
are closer to 50% (Brouwer et al. 2018). For the evaluation of lateral pelvic lymph 
nodes (LPLNs), MRI has shown promising results, which need to be verified in 
future studies (Schaap et al. 2018, Ogura et al. 2019b).  
Current guidelines recommend the local staging to be performed by MRI and a 
structured report should be used by the radiologist (Glynne-Jones et al. 2017).  
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Table 3.  Subdivision of the cT3-stage according to preoperative MRI (MERCURY Study Group 
2007) 
cT3 subdivision Depth of invasion beyond muscularis propria 
cT3a < 1 mm 
cT3b 1–5 mm 
cT3c 5–15 mm 
cT3d > 15 mm 
 
2.2.5 Contrast-enhanced computed tomography 
Contrast-enhanced computed tomography (CT) of the chest and abdomen is used in 
the evaluation of M-stage of rectal cancer (Tirumani et al. 2014, Glynne-Jones et al. 
2017). At the time of diagnosis, 20% of patients have synchronous metastases, the 
most common site being the liver (Van der Geest et al. 2015, Riihimäki et al. 2016). 
CT has a sensitivity of 85% and a positive predictive value of 96% to detect liver 
metastases (Soyer et al. 2004). According to a meta-analysis, peritoneal metastases 
can be detected with a sensitivity of 83% and a specificity 86 % by CT (Laghi et al. 
2017). The sensitivity of chest CT to detect pulmonary metastases is high (up to 
99%) and isolated lung metastases are found in 3-12% of patients (Tan et al. 2009, 
Parnaby et al. 2012). However, it also detects a large number of small intermediate 
lung lesions, which cannot be classified as clearly benign or malignant. The 
percentage of such lesions varies between 4-42% in different studies, but is generally 
close to 20%. Approximately 30% of these small lesions will eventually turn out to 
be metastases (Parnaby et al. 2012, Lazzaron et al. 2015).  
After neoadjuvant CRT, a preoperative restaging CT reveals new metastases in 
2-12% of patients. In one retrospective study, this changed the management of 11% 
of the patients. Others have found the impact of restaging CT to be lower and it might 
be that it has no effect on the OS of these patients. Therefore, restaging CT should 
probably be done only selectively (Bisschop et al. 2015, Liu et al. 2015, Park et al. 
2018). 
2.2.6 Positron emission tomography 
Positron emission tomography-computed tomography (PET-CT) is not generally 
used for diagnostic staging of primary rectal cancer as the accuracy is inferior to CT 
and MRI (Brush et al. 2011, Balyasnikova & Brown 2016, Glynne-Jones et al. 2017). 
It has value in detecting metastases when raising CEA levels are discovered during 
follow-up of rectal cancer (Suga et al. 2010). It can also find extrahepatic metastases 
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in up to 32% of patients with liver metastases and thus affect the choice of treatment 
in up to 24% of patients when the extent of metastatic disease is being evaluated 
(Maffione et al. 2015).  
2.3 Treatment 
2.3.1 Choice of treatment 
The choice of treatment for all rectal cancer patients should be made in an MDT 
meeting (Glynne-Jones et al. 2017). The MDT consists of dedicated surgeons, 
radiologists, radiation oncologists, medical oncologists and pathologists. During an 
MDT meeting, all new rectal cancer cases are presented and the CT and MRI images 
are reviewed to verify staging and risk assement of each individual case. Based on 
this risk assessment, participants of the MDT make a decision on treatment 
modalities required for each patient. MDT meetings influence or change the 
treatment decisions of up to 26% of the rectal cancer patients (Karagkounis et al. 
2018) and can have a positive effect on their survival (Munro et al. 2015). 
2.3.2 Radiotherapy 
2.3.2.1 Short-course preoperative radiotherapy 
The use of RT as adjuvant treatment of rectal cancer was started in hope of reducing 
the number of LRs after rectal cancer surgery, already before the introduction of 
TME surgery. In the Stockholm I and II trials and the European Organisation for 
Research and Treatment of Cancer (EORTC) trial, the use of 25-34.5 Gy RT given 
in five to fifteen fractions and followed by surgery within a week, reduced the LR 
rate from 25-30% to 12-15% (Gérard et al. 1988, Cedermark et al. 1995, Martling et 
al. 2001). It was also shown that preoperative RT is better tolerated than 
postoperative RT (Påhlman & Glimelius 1990). When short-course preoperative 
radiotherapy (SCPRT) was combined with TME surgery of resectable rectal cancer 
in the Dutch TME trial, the five-year LR rate dropped from 10.9% to 5.6% (Peeters 
et al. 2007). Although the LR rate decreases with the use of SCPRT, OS is not 
improved (van Gijn et al. 2011).  
Current recommendations state that SCPRT (consisting of a 25 Gy total dose at 
5Gy/fraction during one week and followed by surgery within 10 days) should be 
given if the tumour is classified as cT3c/d, cN2 or EMVI+ but MRF is clear and 
downsizing of the tumour is not necessary (Glynne-Jones et al. 2017). If tumour 
regression is required but the patient is not fit for CRT, SCPRT with a 4-8 week 
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delay before surgery can be given (Erlandsson et al. 2019). Short course RT can also 
be used as single therapy for fragile patients that do not tolerate surgery or as a 
component of multimodal treatment in patients with stage IV disease (Holliday et al. 
2017).  
2.3.2.2 Long-course chemoradiotherapy 
The addition of 5-fluorouracil (5-FU) based chemotherapy to preoperative RT can 
be used to downsize large rectal cancer tumours (Bosset et al. 2005). The use of CRT 
has decreased the LR rate from 17% to 8% compared to RT alone for stage II-III 
resectable rectal cancer (Bosset et al. 2006, Gérard et al. 2006). In locally advanced, 
at presentation inoperable rectal cancer, CRT increases the likelihood of radical 
resection and in resected patients decreases the LR rate from 7% to 5% compared to 
SCPRT (Brændengen et al. 2008). In this study, five year cancer-spesific survival 
(CSS) was also increased from 55% to 72% with CRT. But like SCPRT, CRT does 
not significantly improve OS of rectal cancer patients (Bonnetain et al. 2012, 
Brændengen & Glimelius 2018).  
In up to 25% of patients CRT can lead to pCR. To avoid surgery altogether, a 
‘Watch and Wait’ strategy has been introduced (Habr-Gama et al. 2004). Of patients 
with clinical complete response treated without surgery, 25-30% develop local 
regrowth, which is often amenable to salvage surgery. The largest database study on 
the subject showed a 5-year OS of 85% and a 5-year DFS of 94% after ‘Watch and 
Wait’ (Van der Valk et al. 2018). However there are no clear criteria for patient 
selection and best follow-up scheme and therefore this strategy should still only be 
used in dedicated specialist centers or in context of a trial (Smith et al. 2018, Van 
der Valk et al. 2018). 
Currently the use of oral capecitabine or intravenous 5-FU based CRT is 
recommended for locally advanced tumours with threatened or involved MRF, cT4 
tumours or if there is suspicion of cancer in the LPLN (Glynne-Jones et al. 2017). 
Usually surgery is performed 6-8 weeks after the end of CRT, but longer waiting 
times can be used if pCR is shought for (Petrelli et al. 2016). 
2.3.2.3 Complications of radiotherapy 
Perioperative morbidity and mortality are slightly elevated when SCPRT or CRT is 
used. A large meta-analysis showed a hazard ratio (HR) of 1.25 (95 % CI 1.02–1.54; 
p = 0.03) for morbidity and a HR 1.48 (95 % CI 1.08–2.03; p = 0.01) for mortality 
when RT was used. The rate of AL was not increased (HR 0.96; 95 % CI 0.58–1.60; 
p = 0.87) (Rahbari et al. 2013). Acute side-effects include proctitis, dermatitis, 
nausea, fatigue, diarrhea and dysuria. With CRT also chemotherapy related side-
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effect are possible, mainly stomatitis and hand-foot skin reaction (Ansari et al. 2017). 
Wound healing problems are also more frequent after RT with an odds ratio of 1.43 
(95% CI 1.17–1.74, p < 0.01) for SCPRT and 1.52 (95% CI 1.08–2.16, p = 0.02) for 
CRT (Ma et al. 2017).  
Long-term side-effects of RT include fecal incontinence and urgency to defecate, 
erectile dysfunction, vaginal dryness and pain in intercourse (Bregendahl et al. 2013, 
Wiltink et al. 2014, Chen et al. 2015, Ma et al. 2017). With modern RT techniques, 
the risk of urinary incontinence is not significantly elevated (Wiltink et al. 2014). 
There is an increased risk of pelvic insufficiency fractures (Kim et al. 2012, 
Jørgensen et al. 2018) and a slightly elevated risk (risk ratio 1.15, 95% CI 1.05-1.25) 
of secondary malignancy in the irradiated area (Berrington de Gonzalez et al. 2011). 
2.3.3 Surgery 
2.3.3.1 History of rectal cancer surgery 
Rectal cancer was an incurable disease until the late 19th century, although especially 
French surgeons had performed perineal proctectomies already in the 18th century 
(Graney & Graney 1980). Mortality of these pelvic operations started to decline 
before the beginning of the 20th century, but most of the patients developed a cancer 
recurrence. The hallmark of the beginning of radical rectal cancer surgery was the 
description of APE by Miles in 1908 (Miles 1908). After the World War II, as many 
anesthesiological and aseptic advances were made, sphincter-saving procedures 
gained popularity. Especially after the report by Dixon in 1948 (Dixon 1948), which 
confirmed the safety of anterior resection and colorectal anastomosis, APE became 
the operation of choice only for tumours in the lowest part of the rectum. Use of 
circular staplers, first invented in Russia and further developed by Ravitch in the 
United States (Steichen & Ravitch 1982), enhanced the technical evolution of rectal 
cancer surgery.  
The most important advancement of the 20th century in rectal cancer surgery was 
the discovery of “the holy plane” and TME by Heald (Heald et al. 1982). TME has 
become the gold standard of rectal cancer surgery. 
2.3.3.2 Total mesorectal excision 
TME refers to the removal of the rectum with its surrounding mesorectum, so that 
the embryological fascial plane around it remains intact (Heald et al. 1982). 
Compared to blunt dissection within the mesorectum practiced previously, this 
technique led to a dramatic fall in the rate of LR from over 20% to 5% and a clear 
advantage in OS (Heald et al. 1998). At the same time, it was noticed that lateral 
Review of the Literature 
 23 
spread of the tumour and a clear CRM, more often acquired by a colorectal surgeon 
trained in TME, were important prognostic factors after rectal cancer surgery 
(Quirke et al. 1986, Porter et al. 1998). It has also been shown, that the integrity of 
the MRF in the surgical specimen remains an independent prognostic factor for LR 
rate and DFS even if preoperative RT is used (Quirke et al. 2009).  
2.3.3.3 Anterior resection 
Surgical treatment of rectal cancer includes the removal of the diseased segment of 
bowel with the surrounding mesorectum and draining lymphatics. The lymphatic 
routes from high and middle rectum run alongside the inferior mesenteric vessels, 
and thus the inferior mesenteric artery is ligated close to its origin at the abdominal 
aorta (Augestad et al. 2018). For lower rectum, lymphatics drain also along the 
internal iliac vessels, but lateral pelvic lymph node dissection (LPLND) is not 
routinely practiced in Europe (Glynne-Jones et al. 2017). Pelvic dissection is 
performed in the TME plane leaving the hypogastric nerves intact (Acar & Kuzu 
2012). In cases where the tumour grows through the MRF into adjacent organs, a 
multivisceral resection is needed in order to perform a radical operation with a clear 
CRM (The Beyond TME Collaborative 2013, Peacock et al. 2019).  
In anterior resection (Figure 1a), the transection of the rectum is usually 
performed with a linear stapler at least 1 cm below the tumour. After RT, even a 
distal margin of 0,5 cm may be sufficient (Pahlman et al. 2013). For tumours in the 
upper rectum, the mesorectum and bowel can be transected 5 cm below the tumour. 
This is referred to as partial mesorectal excision (PME) and it has been shown to be 
oncologically adequate for tumours located above the peritoneal reflection (Lopez-
Kostner et al. 1998).  
After removal of the surgical specimen, an anastomosis is performed between 
the sigmoid colon and the rectal remnant. A straight end-to-end anastomosis can be 
performed after PME, but when the anastomosis is low a side-to-end anastomosis or 
a j-pouch formed from the distal colon is functionally better (Hüttner et al. 2015, 
Parc et al. 2019). Whatever technique is chosen, anastomotic leakage (AL) occurs in 
19 – 28% of patients with a low rectal anastomosis (Hain et al. 2017, Pucciarelli et 
al. 2019). A defunctioning transversostomy or ileostomy is therefore often 
fashioned, as it reduces the rate of clinical AL and the need for early reoperations 
(Tan et al. 2009, Montedori et al. 2010). If the patient is too fragile to survive a 
possible AL, no anastomosis is made and the transected sigmoid is brought up as an 
end colostomy in Hartmann’s operation (Sanderson 1980, Sverrisson et al. 2015). 
To avoid possible complications associated with the rectal stump after a low 
Hartmann’s operation, an APE with intersphincteric dissection can also be used 
(Smedh et al. 2016). Intersphincteric resection on the other hand refers to an 
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operation where the internal anal sphincter is partly or entirely removed in order to 
radically dissect a low rectal cancer. Usually a coloanal handsewn anastomosis is 
performed (Rullier et al. 2013). 
Anterior resection can be performed with similar oncological results either by 
conventional open surgery, laparoscopically (Vennix et al. 2014, Bonjer et al. 2015, 
Fleshman et al. 2019) or with robotic assistance (Jayne et al. 2017, Holmer & Kreis 
2018). Transanal TME (TaTME) is a newer technically demanding operative 
technique, where the rectum is approached from above and below with laparoscopic 
instruments usually simultaneously by two surgical teams. Although good early 
results with this technique have been reported in expert centers, a larger randomised 
trial is needed to confirm its safety (Deijen et al. 2016, Aubert et al. 2019). 
2.3.3.4 Abdominoperineal excision 
APE is used when low rectal cancer either infiltrates the sphincter complex or the 
levator ani muscles, or is so close to them that a safe transection of the rectum below 
the tumour cannot be performed. In the operation the TME plane is followed down 
to the pelvic floor from the abdominal side after which the sphincter complex is 
dissected from a circular perineal incision. The dissection planes meet at the pelvic 
floor (Figure 1b) (Marr et al. 2005, Rullier et al. 2013). The perineum is 
reconstructed by suturing the remaining levator muscles together in the midline and 
then closing the skin. Like anterior resection, APE can be performed by open, 
laparoscopic or robotic approach (Jayne et al. 2017, Fleshman et al. 2019). 
After the introduction of TME, the oncological results of anterior resection 
improved, but when APE was performed the rate of LR remained in 15-22% (Wibe 
et al. 2004, Marr et al. 2005). This was attributed mainly to the higher frequency of 
positive CRM and IOPs in APE (Eriksen et al. 2004, Wibe et al. 2004, Marr et al. 
2005, Nagtegaal et al. 2005). To widen the resection margin, an extended resection 
currently referred to as ELAPE was described (Holm et al. 2007). In ELAPE, the 
dissection from the abdominal side is stopped at the upper border of the coccyx and 
just below the inferior hypogastric nerves and seminal vesicles or the cervix, clearly 
higher than in conventional APE. After forming the permanent colostomy and 
finishing the abdominal side of the operation, the patient is turned to prone position 
and the perineal dissection is performed from a tear-drop shaped incision. The 
levator muscles are included in the surgical specimen (Figure 1c) (Shihab et al. 
2012). Due to the resulting larger tissue defect, the pelvic floor is often reconstructed 
using a biological mesh or a muscle flap, but primary closure with sutures only is 
also sometimes used (Musters et al. 2017, Foster et al. 2018).  
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Figure 1. Resection lines in anterior resection (a), abdominoperineal excision, APE (b) and 




Results on the superiority of ELAPE over APE in achieving a clear CRM and 
avoiding IOP are contradictory. Two randomized controlled studies have been 
conducted and both showed a significantly reduced CRM positivity rate in ELAPE 
(Han et al. 2012, Bianco et al. 2017). Han et al. also described a lower LR rate of 3% 
after ELAPE compared to 19% after APE during a median follow-up time of 29 
months (Han et al. 2012). Several retrospective series have demonstrated similar 
results, with significant differences also in the number of IOPs (West et al. 2008, 
West et al. 2010, Stelzner et al. 2011, Perdawood & Lund 2015, Shen et al. 2015, 
Stelzner et al. 2016). On the other hand, large registry and population based studies 
have not been able to show any advantage of ELAPE over APE in CRM positivity, 
the number of IOPs or LR rates (Ortiz et al. 2014, Prytz et al. 2014, Klein et al. 2015, 
Klein et al. 2016, Prytz et al. 2016). The LR rate in different studies varies between 
0-13% after ELAPE and between 3-19% after APE (Asplund et al. 2012, Han et al. 
2012, Ortiz et al. 2014, Perdawood & Lund 2015, Shen et al. 2015, Stelzner et al. 
2016).  
During the past ten years, ELAPE has become widely used, with some centers 
performing exclusively ELAPE (Gravante et al. 2016, Stelzner et al. 2016) and 
others recommending the more radical approach only for selected cases with 
advanced tumours (Prytz et al. 2016). In spite of the increasing use of the more 
extensive procedure, none of the studies published so far have been able to show any 
OS benefit of ELAPE compared to APE (Klein et al. 2016, Prytz et al. 2016, Stelzner 
et al. 2016). 
2.3.3.5 Complications of surgery 
The postoperative mortality rate after rectal cancer surgery is 1% and overall 
morbidity rate varies from 27 to 40% (Van der Pas et al. 2013, Qiu et al. 2016, Sharp 
et al. 2020). Interventions are needed in approximately 15% of patients (Van der Pas 
et al. 2013). The most feared complication is AL. It occurs in 19 – 28% of patients 
with a low rectal anastomosis and can have a negative effect on the survival of these 
patients (Hain et al. 2017, Pucciarelli et al. 2019). In addition to AL, infectious 
complications include wound infection and dehiscence, intra-abdominal abscess 
formation, pneumonia and urinary tract infections. Healing of the perineal wound is 
delayed in 15-38% of patients undergoing APE or ELAPE and RT has clearly been 
shown to increase this risk (Musters et al. 2014). Some studies have also reported on 
more wound problems after ELAPE than APE (Prytz et al. 2014, Asplund et al. 2015) 
but data on this is inconclusive (Musters et al. 2014, Foster et al. 2018). Postoperative 
ileus develops in 5% of patients. Cardiac and thromboembolic events as well as renal 
failure are less frequent (Van der Pas et al. 2013, Qiu et al. 2016). 
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2.3.4 Adjuvant chemotherapy and chemoradiotherapy 
After SCPRT or CRT, additional adjuvant chemotherapy for four months after 
surgery is currently recommended to patients with yp stage III disease and to patients 
with yp stage II disease who present with high risk features for disease recurrence. 
The level of evidence for the recommendation is not strong and the benefit may be 
to DFS only rather than OS (Zhao et al. 2016). Therefore the decision to give 
adjuvant chemotherapy has to be made on an individual basis with careful discussion 
with the patient. 5-FU alone or in combination with oxaliplatin is generally used 
(Glynne-Jones et al. 2017). 
In cases where high risk features or extensive nodal disease are discovered at 
pathological examination and the patient has not received preoperative RT, 
postoperative CRT can be considered by the MDT. This is especially the case if 
positive CRM or tumour perforation has occurred and the risk of LR is elevated 
(Glynne-Jones et al. 2017). 
2.3.5 Treatment of metastatic and recurrent disease 
Patients who have synchronous metastases at time of diagnosis or who develop 
recurrent disease during follow-up, should be evaluated by a MDT for their potential 
to receive a curative resection (Van Cutsem et al. 2016). Radical resection of liver 
metastases leads to a 5-year OS of 40%. Surgery is also beneficial if conversion 
chemotherapy shrinks initially inoperable liver metastases to operable, since these 
patients have a 5 year OS of 33% (Adam et al. 2012). Patients with lung metastases 
also benefit from metastasectomy, with a 5-year OS of 40% for those patients in 
which radical resection can be performed (Pastorino et al. 1997, Nanji et al. 2018). 
In case of isolated LR, radical surgery should be pursued. If CRT has not been 
given before the primary operation, it is recommended at this point (Glynne-Jones 
et al. 2017). Reirradiation can also sometimes be given preoperatively and in 
palliative setting it improves the symptoms of over 80% of patients (Guren et al. 
2014). Operability of the LR is evaluated with the help of MRI and extensive 
resections involving adjacent organs are often required (Nielsen et al. 2011, Yeo & 
Paty 2014, Ganeshan et al. 2019). Only a minority (22-28%) of LRs are operable and 
the majority are thus managed with palliative care (Poulsen et al. 2018, Westberg et 
al. 2018). 
Patients unsuitable for metastasis resection may undergo palliative treatments. 
Systemic chemotherapy is used to treat metastatic rectal cancer in first line, often 
combined with targeted biological agents (bevacizumab, panitumumab and 
cetuximab) (Van Cutsem et al. 2016). Local ablative therapies, such as 
radiofrequency ablation and targeted RT, can be used especially when the number 
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of metastases is small but they are inoperable. However although promising results 
have been reported, their effect on OS is uncertain (Ruers et al. 2012). 
2.4 Prognosis and recurrent disease 
2.4.1 Prognosis of rectal cancer 
The 5-year OS of all patients with rectal cancer is in recent series 63-67% (Guren et 
al. 2015, Iversen et al. 2016, Siegel et al. 2017). For patients with localised stage I-
II disease, 5-year OS is 88%, for stage III it is 70% but for patients with stage IV 
metastatic disease it is still only 14% (Siegel et al. 2017). Most CRC recurrences are 
detected within the first two to three years of surveillance (Baca et al. 2011, Räsänen 
et al. 2015).  
2.4.2 Distant recurrence 
According to large population based registry studies, 20-26 % of radically treated 
rectal cancer patients develop distant metastases during follow-up. Although the 
liver is the most common site of recurrence, especially for low rectal cancer with 
venous drainage also to iliac vessels, pulmonary metastases are almost as common 
(Guren et al. 2015, Riihimäki et al. 2016, Augestad et al. 2018). The median survival 
of all patients with metastatic disease has increased from 5 to 12 months in recent 
years, and for those who are able to undergo chemotherapy or metastasectomy, it has 
increased to 20-30 months (Lemmens et al. 2011, Mitry et al. 2013, Sorbye et al. 
2013, Van der Geest et al. 2015, Heervä et al. 2018). 
2.4.3 Local recurrence 
2.4.3.1 Incidence of local recurrence 
LR is defined as any recurrence within the pelvis after radical treatment of rectal 
cancer (Rullier et al. 2013). After modern multimodality treatment, the incidence of 
LR generally varies between 5 to 10 % (Kusters et al. 2009, Kulu et al. 2015, Hain 
et al. 2018, Ogura et al. 2019a). In recent population based registry studies from the 
Nordic countries, the 5-year rate of LR has been as low as 4% (Glimelius et al. 2016, 
Poulsen et al. 2018), but it might be that in such large registry based studies, some 
LRs are not detected (Moberger et al. 2018). In the TME trial the 5-year LR rate was 
11% in the surgery-only group and 5% for those who received SCPRT (Peeters et al. 
2007). These rates did not increase at the 10-year timepoint (van Gijn et al. 2011). 
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Lower 3-year LR rates between 2 and 5% have been reported in randomised 
controlled trials evaluating laparoscopic rectal cancer surgery (Jeong et al. 2014, 
Bonjer et al. 2015, Fleshman et al. 2019). These studies however had strict patient 
selection criteria, did not include T4 tumours, and the majority of the patients had 
received either CRT or SCPRT. On the other hand when only patients with more 
advanced tumours are analysed, the LR rate rises to 12-19% (Kusters et al. 2015, 
Kusters et al. 2017, Schaap et al. 2018, Peacock et al. 2019).  
2.4.3.2 Risk factors for local recurrence 
Significant risk factors for LR in previous literature have been CRM positivity (Wibe 
et al. 2002, Nagtegaal & Quirke 2008), higher T-stage of the tumour (Wibe et al. 
2002), quality of TME surgery (intact mesorectal plane) (Quirke et al. 2009), LVI or 
PNI (Horn et al. 1991, Peacock et al. 2019), IOP (Bülow et al. 2011) and in some 
studies also AL (Hain et al. 2017, Wang et al. 2017). 
2.4.3.3 Location of local recurrence 
The location of LR is important when the possibility for surgery of LR is considered. 
In centrally or anteriorly located LRs, the likelihood of successfull radical surgery is 
higher (Moore et al. 2004, Westberg et al. 2018, Hagemans et al. 2019) and the OS 
of patients with LR has been significantly longer if patients with LR are radically 
operated (Denost et al. 2015, The PelvEx Collaborative 2018, Westberg et al. 2018). 
Anatomically, the LR can be situated in the previous tumour bed, at the anastomosis 
after anterior resection or in the LPLNs (Denost et al. 2015). The topographic 
location of the LR in the pelvis is most often determined according to the Memorial 
Sloan-Kettering classification (Moore et al. 2004). It divides the pelvis into axial 
(anastomosis, perineum after APR, remaining mesorectum after PME), anterior 
(genital and urinary organs), posterior (or presacral, including sacrum and coccyx) 
and lateral compartments (LPLNs, iliac vessels, ureter, pelvic sidewalls including 
muscular, bony and nervous structures).  
In previous literature the proportions of LRs in different locations vary 
considerably. In earlier studies with patient inclusion timeframe mainly in the 90’s, 
the location of LR has been axial or anterior in 29-67%, posterior in 10-41% and 
lateral in 10-25% of patients (Enríquez-Navascués et al. 2011). Data on location of 
LR after modern multimodality treatment is sparse, and has mainly been assessed in 
patient subsets. According to a study of the Swedish Colorectal Cancer registry, the 
proportion of axial and anterior recurrences had declined during more recent years, 
but it still was 39% in patients without synchronous distant metastases (Westberg et 
al. 2018). The predominance of axial and anterior recurrences (50-70%) is also still 
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seen in studies evaluating patients that were operated for LR since these patients are 
more often referred for surgery (Denost et al. 2015, Klose et al. 2015). In the TME-
trial, 33% of LRs were posterior, 20% were lateral and 43% were axial or anterior. 
A tendency to greater proportion of posterior and lateral LR after RT compared to 
surgery only was noted (Kusters et al. 2010). In a recent large multicenter study that 
included patients with primarily cT3-4 low rectal tumours within 8 cm from the anal 
verge, 54% of LRs were lateral, 22% posterior and 24% axial or anterior (Ogura et 
al. 2019a). 
2.5 Long-term sequalae 
2.5.1 Quality of life after treatment of rectal cancer 
Fecal and urinary incontinence are significantly more common among rectal cancer 
survivors than in age matched general population (Schiffmann et al. 2020). Although 
up to 80% of patients have genitourinary symptoms, their impact on QoL is lower 
than the impact of bowel dysfunction, which is present in 40-65% of patients (Eid et 
al. 2019, Kupsch et al. 2019). 
After APE or ELAPE 50% of patients have perineal symptoms, mainly pain, 
tension and sitting disability. When present, these symptoms are associated with a 
lower QoL (Asplund et al. 2015). Generally the rectal cancer patients with a 
permanent ostomy have a similar QoL to those without an ostomy according to a 
large Cochrane review and a population-based Danish study (Pachler & Wille-
Jorgensen 2012, Feddern et al. 2019). However, there are also studies which show 
the patients with an ostomy to have lower QoL, worse body image and lower levels 
of emotional, physical and mental functioning (Mols et al. 2014, Näsvall et al. 2017). 
After anterior resection, constipation and diarrhea symptoms are more common than 
after APE (Feddern et al. 2019). 
Incisional hernias have been described to develop in 18% of patients and bowel 
obstruction due to adhesions in 12%. Only a minority of these need surgical 
intervention as the reported rate of incisional hernia repair after rectal cancer 
treatment is 4% (Andersen et al. 2018, Petersson et al. 2019). Parastomal hernia 
develops in up to 50% of patients with permanent colostomy. When the colostomy 
is constructed, a prophylactic mesh is usually applied to prevent hernia formation, 
but results on its efficacy are inconclusive (Chapman et al. 2017, Mäkäräinen-
Uhlbäck et al. 2020). 
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2.5.2 Low anterior resection syndrome (LARS) 
LARS refers to the combination of functional defecatory symptoms that often 
diminish the QoL of patients after continence preserving rectal cancer surgery. 
Common symptoms include urgency, fragmentation and incontinence. The 
syndrome was already described in the 90’s (Ortiz & Armendariz 1996) but the 
impact of it on the QoL of the patients was previously underestimated by surgeons 
(Chen et al. 2014). The development of the LARS score by Emmertsen and Laurberg 
in 2012 (Emmertsen & Laurberg 2012) and subsequent active research have led to 
increasing awareness of LARS among physicians who treat rectal cancer patients. 
The LARS score is an easy-to-fill, five item questionnaire, by which patients can be 
divided into having no, minor or major LARS. It has been translated and validated 
in many languages and it’s nowadays actively used both in clinical practice and 
research (Juul et al. 2014a, Hou et al. 2015, Juul et al. 2015, Samalavicius et al. 2016, 
Akizuki et al. 2018, Hupkens et al. 2018, Liapi et al. 2019).  
The long-term prevalence of LARS after anterior resection has been reported to 
be up to 41-56% (Chen et al. 2015, Croese et al. 2018, Pieniowski et al. 2019). Risk 
factors for major LARS include TME with an anastomosis closer to the anus 
compared to a higher anastomosis after PME (Bregendahl et al. 2013, Jimenez-
Gomez et al. 2018, Kupsch et al. 2018), preoperative RT (Bregendahl et al. 2013, 
Bondeven et al. 2015, Hughes et al. 2017, Jimenez-Gomez et al. 2018, Nuytens et 
al. 2018), young age (Bregendahl et al. 2013, Kupsch et al. 2018) and formation or 
late closure of a protective ostomy (Wells et al. 2015, Hughes et al. 2017).
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3 Aims 
This thesis was designed to elucidate the opportunities and challenges faced by the 
surgeon and the patient in the era of modern rectal cancer surgery. The specific aims 
were as follows: 
I To evaluate temporal changes in the treatment and survival of patients with 
rectal cancer during 2001-2012.  
II To determine whether the more extensive ELAPE operation offers a better 
long-term survival than APE for patients with locally advanced rectal cancer.  
III To determine the incidence, location and risk factors of LR after modern 
multimodality treatment of rectal cancer. 
IV To evaluate the validity of the Finnish LARS Score –questionnaire. 
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4 Patients and Methods 
4.1 Patients 
4.1.1 Patients with rectal cancer identified through Auria 
Biobank (Study I) 
Auria Biobank includes all biopsy and surgical samples from tumours of patients 
diagnosed with CRC in the Turku University Hospital region. All patients with a 
histologically confirmed diagnosis of colorectal adenocarcinoma between 2001 and 
2012 were identified from Auria Biobank. Of these 1777 patients, 687 had rectal 
cancer. Clinical data (International Classification of Diseases 10th Revision (ICD-
10) codes and chemotherapy data, since 2004) and RT records (since 2001) of the 
patients were linked from the hospital’s electronic medical records to the pathology 
samples by the Biobank and a unanimous dataset was created. To identify patients 
with comorbidities, Charlson comorbidity index (Charlson et al. 1987) was 
calculated on the basis of ICD-10 codes given during hospital care. All tumour 
samples were staged according to the TNM classification. Metastatic disease was 
identified either as: (1) ICD-10 code for metastasis; (2) chemotherapy given for 
metastatic disease including the use of targeted therapy, or chemotherapy with non-
adjuvant regimens; (3) palliative RT; or (4) histological confirmation of liver, lung, 
ovarian or peritoneal metastasis. Some patients had only a biopsy sample from the 
primary tumor without confirmation of distant metastases. This ‘non-metastatic 
biopsy-only’ category includes patients with inoperable locally advanced tumors, but 
also those who are unfit for any surgery or with missing ICD-10 codes for 
metastases. Biobank studies cannot specify the true reason for this.  
Rectal cancer surgery was centralised in 2004 from several hospitals in the Turku 
region to the Turku University Hospital. Patients in this study were divided into three 
groups based on the year of diagnosis: 2001–2003 (before centralisation), 2004–
2008 (after centralisation) and 2009–2012 (5 years after centralisation).  
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4.1.2 Patients treated with abdominoperineal excision 
(Study II) 
All consecutive patients who underwent ELAPE (n = 42) for rectal adenocarcinoma 
between September 2009 and April 2016 in Turku University Hospital were 
retrospectively collected from the hospital’s electronic patient records. Operations 
for locally recurrent rectal cancer were excluded. During this time period, ELAPE 
was selectively used for patients with locally advanced T3-T4 tumours in which the 
CRM would have been threatened using the traditional APE. Since ELAPEs were 
started in Turku University Hospital in 2009, the learning curve of the surgeons in 
this new technique is included in the time frame of Study II.  
A historical comparison group (n = 27) was formed of patients who on the basis 
of imaging studies and clinical assessment would have been operated by ELAPE if 
the technique had already been in use. It comprised of patients who underwent APE 
between January 2004 and August 2009, excluding patients with T1-T2 tumours and 
patients with mobile T3 tumours in which only SCPRT was given before the 
operation. 
4.1.3 Patients followed up for local recurrence (Study III) 
All patients diagnosed with rectal cancer between 2007 and 2012 were 
retrospectively identified from electronic medical records of Turku University 
Hospital. Patients treated by local excision or with palliative intent only were 
excluded (figure 2). Of the 458 patients diagnosed with rectal cancer during the study 
period, 348 (147 [42%] women) were eligible. 320 of them had stage I-III disease. 
The 28 patients with primarily stage IV disease were analysed separately and only 
descriptively because of small numbers and shorter follow-up. 
4.1.4 Patients evaluated for LARS (Study IV) 
All patients who underwent an anterior resection for rectal cancer between 2007 and 
2014 were collected from the Turku University Hospital’s electronic patient records. 
Finnish speaking patients who were alive and living without an ostomy at the 
moment of the study were included. Those with cognitive impairment (for example 
dementia or major psychiatric disease) or LR of the cancer within the pelvis were 
excluded. Of the 641 patients diagnosed with rectal cancer in our unit during the 
study period, 159 were eligible. They were contacted by mail, and 104 (65%) of 
these patients participated in the study. The participants were similar to those not 
participating in regard to age, gender, operative details and the use of RT. 
Background information of the participating patients is presented in table 4. 
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Table 4:  Background information of the participating patients in Study IV (reproduced with the 
permission of the copyright holder).  
Variable Study IV patients (n = 104) 
Age, years 72 ± 8 
Gender (F/M) 40/64 
Radiotherapy   
    No radiotherapy 72 (69) 
    Short 5 x 5 Gy 26 (25) 
    Long 50.4 Gy with capecitabine 4 (4) 
    Postoperative radiotherapy 2 (2) 
Type of operation   
    TME 61 (59) 
    PME 43 (41) 
Abdominal access   
    Open 94 (90) 
    Laparoscopic 5 (5) 
    Laparoscopic converted to open 5 (5) 
Protective ostomy 36 (35) 
Time to closure of ostomy, months 7,6 (5,3) 
Anastomotic leakage 11 (11) 
Values are given as mean ± SD, ratio, n (%) or median (interquartile range). 
F/M, female/male ratio; Gy, gray; TME, total mesorectal excision; PME, partial mesorectal excision. 
4.2 Methods 
4.2.1 Preoperative evaluation and neoadjuvant treatment 
Turku University Hospital is a tertiary referral center, to which rectal cancer 
treatment is centralised in Southwest Finland. Patients are managed by a MDT 
including experienced colorectal surgeons, radiation oncologists, medical 
oncologists, radiologists and pathologists. CT was performed to assess the presence 
of distant metastases at the time of diagnosis. MRI was used for local staging in the 
majority of the patients. Preoperative restaging MRI after CRT was not routinely 
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performed at the time of the studies. Either SCPRT or CRT was used selectively for 
cT3 high risk and cT4 mid and low rectal cancers. 
4.2.2 Surgical technique 
All patients were operated on by experienced colorectal consultant surgeons within 
the centralised colorectal unit of Turku University Hospital. According to tumour 
height, either anterior resection or APE was performed. ELAPE was used from 2009 
onwards for tumours invading the levators. Perineal reconstruction after ELAPE was 
done using a biological mesh. Intersphincteric resections or LPLND for rectal cancer 
are not routinely performed at our unit. TME was performed for mid and low rectal 
cancers. For high tumours above the peritoneal reflection, PME with a 5 cm distal 
margin was considered sufficient. 
Surgical complications were graded according to the Clavien–Dindo 
classification (Dindo et al. 2004).  
4.2.3 Adjuvant treatment 
During the study period, postoperative adjuvant chemotherapy was generally 
recommended by our MDT meeting for locally advanced or node-positive rectal 
cancer. 
4.2.4 Follow-up regime 
Follow-up consisted of clinical examination and laboratory tests (haemoglobin, 
CEA) every 6 months for 3 years and thereafter once a year until 5 years. Routine 
colonoscopy was performed at 3 years. For patients with stage III or high risk stage 
II disease, CT was performed at 2 years postoperatively. There were no changes to 
the follow-up routine during the study period. 
DFS was calculated from the date of diagnosis (Study I) or the date of operation 
(studies II and III) to the date of diagnosis of metastatic disease or LR. OS was 
calculated from the date of diagnosis to death of any cause. CSS was calculated from 
diagnosis to date of death, where the cause of death was CRC. 
In Study III, LR was defined as any recurrent rectal adenocarcinoma within the 
pelvis after previous surgery for rectal cancer. LRs were grouped according to the 
Memorial-Sloan Kettering classification as mainly axial, anterior, posterior or lateral 
(Moore et al. 2004). To specify the anatomic location of the LR, a further division 
into tumours located at the anastomosis, previous tumour bed or LPLNs was also 
made. Local recurrence free survival (LRFS) was calculated from the time of 
operation to the date of diagnosis of LR.  
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4.2.5 Translation of the LARS score 
The previously validated English version of the LARS score questionnaire (Juul et 
al. 2015) was used as the template for the Finnish version. The translation process 
was performed according to previously published methodology for translating health 
status questionnaires (Bullinger et al. 1998, Kulis et al. 2017). Briefly, the English 
version was first translated to Finnish by two independent translators, whose mother 
tongue was Finnish. Possible differences between these translations were compared 
by a group of linguistics and colorectal surgeons and one consensus translation was 
agreed upon. This translation was backward translated to English by a third translator 
to check whether the original meaning of each question and answer had been 
retained. The third translator was unfamiliar with the original English version of the 
LARS score. The final translation (Figure 3, scoring instructions Figure 4) was pilot 
tested on a group of rectal cancer patients visiting the outpatient clinic.  
4.2.6 Testing the validity of the LARS score translation 
Validity of the translation was tested according to previously published methodology 
(Gandek & Ware 1998). To state that a translated health status questionnaire is valid 
in the target population, it needs to give similar results as other tests designed to 
measure the same construct. This convergent validity was tested by comparing 
results of previously validated QoL questionnaires (QLQs; EORTC QLQ-C30 and 
EORTC QLQ-CR29) to the results of the translated Finnish LARS score 
questionnaire. A valid test also needs to give different results when measuring 
different constructs. This discriminant validity was evaluated by comparing the 
severity of LARS of patient groups with and without risk factors for developing 
LARS. The test-retest reliability was assessed by repetition of the LARS score 
questionnaire in a two week interval on a subgroup of 23 patients. Study IV was 
conducted as a postal query by sending an information leaflet, a patient informed 
consent –form, the Finnish LARS score questionnaire, the EORTC QLQ-C30 
(version 3.0) and the EORTC QLQ-CR29 with a prepaid return envelope to the 
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Low Anterior Resection Syndrome Score – LARS Score / suomennos 
 
 
Kysely suolen toiminnasta 
 
Tämän kyselyn tavoite on arvioida suolen toimintaa. Rastita kunkin kysymyksen kohdalta 
vain yksi vastaus. Voi olla vaikeaa valita vain yksi, sillä oireet saattavat vaihdella päivästä 
toiseen. Valitse kuitenkin se vastaus, joka parhaiten kuvaa jokapäiväistä elämääsi. Jos 
sinulla on hiljattain ollut suolen toimintaan vaikuttanut tulehdus, älä ota sitä huomioon. 




Onko sinulla koskaan tilanteita, jolloin et pysty pidättämään ilmaa? 
□  Ei koskaan 
□  Kyllä, harvemmin kuin kerran viikossa 
□  Kyllä, ainakin kerran viikossa 
 
Karkaako sinulta koskaan nestemäistä ulostetta? 
□  Ei koskaan 
□  Kyllä, harvemmin kuin kerran viikossa 
□  Kyllä, ainakin kerran viikossa 
 
Kuinka usein ulostat? 
□  Yli 7 kertaa vuorokaudessa 
□  4–7 kertaa vuorokaudessa 
□  1–3 kertaa vuorokaudessa 
□  Harvemmin kuin kerran vuorokaudessa 
 
Täytyykö sinun koskaan ulostaa uudelleen tunnin kuluessa edellisestä ulostuskerrasta? 
□  Ei koskaan 
□  Kyllä, harvemmin kuin kerran viikossa 
□  Kyllä, ainakin kerran viikossa 
 
Onko sinulla koskaan niin voimakasta ulostustarvetta, että täytyy kiirehtiä vessaan? 
□  Ei koskaan  
□  Kyllä, harvemmin kuin kerran viikossa 
□  Kyllä, ainakin kerran viikossa 




Low Anterior Resection Syndrome Score – LARS Score / Pisteytysohjeet  
 
 




Onko sinulla koskaan tilanteita, jolloin et pysty pidättämään ilmaa? 
□  Ei koskaan     0 
□  Kyllä, harvemmin kuin kerran viikossa   4 
□  Kyllä, ainakin kerran viikossa    7 
 
Karkaako sinulta koskaan nestemäistä ulostetta? 
□  Ei koskaan     0 
□  Kyllä, harvemmin kuin kerran viikossa   3 
□  Kyllä, ainakin kerran viikossa    3
  
Kuinka usein ulostat? 
□  Yli 7 kertaa vuorokaudessa    4 
□  4–7 kertaa vuorokaudessa    2 
□  1–3 kertaa vuorokaudessa    0 
□  Harvemmin kuin kerran vuorokaudessa   5 
 
Täytyykö sinun koskaan ulostaa uudelleen tunnin kuluessa edellisestä ulostuskerrasta? 
□  Ei koskaan     0 
□  Kyllä, harvemmin kuin kerran viikossa   9 
□  Kyllä, ainakin kerran viikossa    11
  
Onko sinulla koskaan niin voimakasta ulostustarvetta, että täytyy kiirehtiä vessaan? 
□  Ei koskaan      0 
□  Kyllä, harvemmin kuin kerran viikossa   11 




Kokonaispistemäärä:    _________ 
 
 
Tulkinta:     0–20: Ei LARSia 
  21–29: Lievä LARS 
  30–42: Vaikea LARS 
Figure 4. Finnish translation of the LARS score scoring instructions 
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4.2.7 Statistical analyses 
Study I: Between groups 2001–2003, 2004–2008 and 2009–2012, the frequency of 
categorical covariates such as age group or gender was analysed using Pearson’s chi-
square test. OS, DFS and CSS were analyzed with Kaplan–Meier log-rank analysis. 
Since the last study cohort was from 2009 to 2012 and the study ended in 2016, the 
survival cutoff was set to 7 years, but occasionally a 10-year cutoff was used to 
calculate median survival. A cutoff of 5 years was used in metastatic disease. The 
effect of covariables on survival was analyzed with Cox regression analysis, first one 
covariable at time, followed by multivariable analysis. In multivariable analysis, the 
enter method was used with 95% confidence interval (CI). P-values of less than 0.05 
were considered significant. Statistical analyses were performed with IBM SPSS 
statistics software version 21 (IBM SPSS Statistics, Armonk, NY). 
Study II: The difference between the groups with regard to the distribution of 
baseline characteristics was analyzed for categorical variables by cross-tabulation 
and significances were tested with Pearson’s chi-square test, or, in the case of small 
frequencies, with Fisher’s exact test. For continuous variables the difference was 
analyzed by t-test for independent samples, or, for non-normally distributed 
continuous variables by Wilcoxon two sample test. The difference between groups 
in OS and DFS was studied by survival analysis, survival curves produced by 
Kaplan-Meier method and tested by Log-Rank test. Age and adjuvant treatment 
adjusted survival analyses were performed using the Cox proportional hazards 
model. P-values below 0.05 were considered statistically significant. Statistical 
analyses were done using SAS for Windows version 9.4. 
Study III: Comparison between descriptive variables of LR and no LR groups 
was done with Pearson’s chi-square analysis, or, in the case of small frequencies, 
with Fisher’s exact test. OS and LRFS were analysed with Kaplan-Meier log-rank 
analysis. P-values of less than 0.05 were considered significant. When analysing risk 
factors for LR, univariable cox regression analysis was performed first using enter 
method and 95% CI. Subsequently, covariables with p-value below 0.1 were 
incorporated into final multivariable Cox regression model. Calculations were 
performed with IBM SPSS software version 26. 
Study IV: Data analysis was performed after omission of identifying 
information. The differences in the gender, operative details or the use of CRT or 
SCPRT between the groups of responding and non-responding patients were 
compared with chi-square or Fisher’s exact test. Two-sample t-test was used to test 
the difference in mean ages between responding and non-responding patients. 
Intraclass correlation coefficient was calculated to test the reliability of the Finnish 
LARS score in the test-retest group.  
Global health status, functioning scales in the EORTC QLQ-C30 and 
symptomatic scales in QLQ-CR29 were compared between LARS severity groups 
Anu Carpelan 
 42
using Kruskal-Wallis test and further pairwise comparisons were done with 
Bonferroni-corrected Mann-Whitney U-test. Chi-square test was used to compare 
categorical variables between LARS severity groups. The difference in mean ages 
between LARS severity groups was tested with one-way analysis of variance.  
P-values less than 0.05 were considered statistically significant. Statistical 




5.1 Temporal changes in the treatment and 
survival of rectal cancer patients (Study I) 
The reliability of the population coverage of the Auria Biobank data was evaluated 
in comparison to regional rectal cancer incidence reported by the Finnish Cancer 
Registry (https://syoparekisteri.fi/). Compared to the registry data, the current Auria 
Biobank dataset contained 80% of rectal cancer samples from the Turku region in 
2001–2003. From 2004 onwards, 94–99% of rectal cancer samples were included in 
the Auria Biobank highlighting the improved coverage due to centralisation of rectal 
cancer surgery. The remaining patients were operated in smaller regional hospitals 
in the Turku region, and were not included in this study.  
The CSS data of Auria Biobank was validated by comparison to the official cause 
of death –data from Statistics Finland. According to Statistics Finland, the cause of 
death was CRC in 594 of the 1777 (33%) patients in the whole study. Based on Auria 
data, 587 patients either presented with or later progressed to stage IV disease or 
were never operated (non-metastatic biopsy-only disease), thus having a high 
probability of lethal disease. This figure was in close agreement with the 594 CRC 
deaths from records of Statistics Finland. 
The minimum and median follow-up times were 3.3 and 8.6 years, respectively. 
Mean age of the patients was 70 years. The proportion of patients with comorbidities 
increased from 14% in 2004-2008 to 21% in 2009-2012 (p = 0.001). The stage 
distribution of rectal cancer remained essentially the same throughout 2001–2012. 
However, there was a significant decrease over time in the number of patients in 
whom the tumour was only biopsied (p = 0.007, Table 5).  
For operated stage I-III rectal cancer patients, the mean number of lymph nodes 
dissected increased from 6 to 15 nodes during the study period (p < 0.0001) and the 
number of patients in whom <12 lymph nodes were dissected decreased from 83% 
to 21 % (p < 0.0001). The proportion of emergently resected rectal cancers also fell 
from 5% in 2001–2003 to less than 1% in 2004–2012 (p=0.02). In 2001–2003, only 
20% of the patients received preoperative RT. This increased to 51% in 2004–2012 
(p < 0.0001). Correspondingly, the amount of post-operative RT decreased from 23 
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to 1% over the same period (p < 0.0001). There was no change in the ratio of SCPRT 
to CRT. 
During the study period, 109 (19%) of the 564 patients with stage I–III rectal 
cancer developed metastatic disease. The majority of the recurrences occurred during 
the first 3 years of follow-up (Table 6). 
Table 5.  Staging of rectal cancer patients (n = 687) in Study I (reproduced with the permission of 
the copyright holder). 
Time interval 2001-2003  
(n = 118) 
2004-2008  
(n = 309) 
2009-2012  
(n = 260) 
Stage I 28 (22) 101 (33) 80 (31) 
Stage II 29 (25) 67 (22) 62 (24) 
Stage III 30 (26) 86 (28) 81 (31) 
Stage IV 16 (14) 31 (10) 27 (11) 
Non-metastatic biopsy-only 15 (13) 24 (8) 10 (4) 
Values are given as n (%).  
Table 6.  Proportion of stage I-III patients who progressed to stage IV disease in Study I 
(reproduced with the permission of the copyright holder). 
 
Patients (n) 3-year 5-year End of study 
Stage I 209 14 (8) 19 (9) 20 (10) 
Stage II 158 27 (17) 30 (19) 33 (21) 
Stage III 197 45 (22) 52 (26) 56 (28) 
Values are given as n (%). 
In survival analysis we found a significant improvement in OS and CSS of rectal 
cancer patients from 2004 onwards (Figure 5A). There was also a trend to an increase 
in DFS but the change remained non-significant. When survival was stratified by 
disease stage, OS and DFS were longer in stage I patients compared to stage II and 
stage III patients, but for CSS there was also a clear difference between node-




Figure 5.  Kaplan–Meier analysis of 7-year survival in stage I-III rectal cancer stratified by the year 
of diagnosis (A) and the disease stage at the time of diagnosis (B). CRC, colorectal 
cancer. (Modified from Study I with the permission of the copyright holder).  
Analysis of the factors associated with OS was also performed. In addition to age 
and comorbidities, T-stage (HR 1.6 [95% CI 1.1-2.4], p = 0.03), tumour grade (HR 
1.6 [95% CI 1.1-2.4], p = 0.02) and R1 resection (HR 1.7 [95% CI 1.1-2.7], p = 
0.002) were independent predictors of OS in stage I-III rectal cancer. No difference 
in survival was observed between patients with T4a and T4b tumors.  
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For patients under 70 years old, the use of oxaliplatin-based adjuvant therapy 
increased in stage III CRC during the study period (from 56 to 70%, p = 0.002), for 
stage II high risk patients it remained constant (76%). The proportion of patients who 
did not receive any adjuvant chemotherapy remained at 10–14% and a markedly 
higher comorbidity index was observed among them (p < 0.0001). They had a 
median CSS of 5.1 years, while the median CSS of patients who had received 
adjuvant chemotherapy was not reached (p < 0.0001). More than half of the patients 
in the adjuvant group were still alive at end of follow-up of 8.6 years.   
OS of patients with stage IV disease did not change during the study period. For 
all stage IV CRC patients combined, the median OS was 18 months, for patients who 
were treated with chemotherapy it was 23 months. Stage IV patients who received 
bevacizumab in the first-line setting had a median OS of 34 months. Patients that did 
not receive any chemotherapy had a median OS of 6 months. In the subgroup of 
patients that progressed to stage IV disease after surgery, the median OS increased 
from 13 to 23 months between 2001–2008 and 2009–2012 (p = 0.02). 13% of 
patients underwent metastasectomy and this proportion remained constant. The 
proportion of stage IV patients who had received chemotherapy changed from 48 to 
67% between 2004–2008 and 2009–2012 (p < 0.0001) and the amount of patients 
who received targeted therapy (bevacizumab, cetuximab or panitumumab) increased 
from 26 to 41% (p = 0.006).  
5.2 Long-term results of extralevator 
abdominoperineal excision (Study II) 
Demographic and clinical data on the study population is presented in Table 7. 
Patients in the APE group were slightly older and had higher American Society of 
Anesthesiology (ASA) –scores than patients in the ELAPE group but clinical T-
staging of tumours was similar in both groups (Table 7). RT was not used for three 
patients in the ELAPE group and two in the APE group. One patient with a cT2 
tumour was operated with ELAPE technique without RT, for him the choice of 
ELAPE was made because of obesity, prominent buttocks and anterior tumour 
location. For the remaining four patients, RT was omitted because of earlier pelvic 
RT for prostate cancer (3 patients) and age/comorbidities (1 patient). SCPRT was 
used in 7 patients in whom MRI showed the MRF to be threatened to the direction 
of the levators, but the tumour was clinically mobile or estimated by the surgeon to 
be radically operable with ELAPE. For 4 patients SCPRT was given because the 
MRF was threatened by large cT3 tumours anteriorly. In these patients the surgeon 
chose ELAPE as the operative technique for better visualisation of the anterior 
dissection plane in the perineal phase of the operation. 
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Table 7:  Background information of the patients in Study II (reproduced with the permission of 
the copyright holder).  
 
ELAPE (N=42) APE (N=27) P 
Age, years  61 (2) 67 (2) 0.0322 
BMI, kg/m² 26 (1) 27 (1) 0.2269 
Gender (F/M) 1:1.8 1:2.9 0.3945 
Smokers 9 (21) 11 (41) 0.0844 




ASA I 4 (10) 0 (0) 
 
ASA II 24 (57) 8 (30) 
 
ASA III 13 (31) 13 (48) 
 
ASA IV 1 (2) 6 (22) 
 
Preoperative clinical T stage 
  
1.0000 
T2 1 (2) 0 (0) 
 
T3 23 (55) 15 (56) 
 
T4 18 (43) 12 (44) 
 
Preoperative CEA, µg/l 4.6 (2.5–8.9) 6.5 (3.4–12.0) 0.2481 
Preoperative radiotherapy 
   
No radiotherapy 3 (7) 2 (7) 0.6554 
Short 5 x 5 Gy 11 (26) 0 (0) 0.0023 
       Long 50.4 Gy without chemotherapy 0 (0) 6 (22) 0.0025 
Long 50.4 Gy with capecitabine 28 (67) 19 (70) 0.7473 
Values are given as mean (SEM), ratio, n (%) or median (interquartile range). 
ASA, American Society of Anesthesiology; BMI, body mass index; ELAPE, extralevator 
abdominoperineal excision; APE, standard abdominoperineal excision; F/M, female/male ratio. 
Operative details are presented in Table 8. ELAPE operations took longer but 
resulted in significantly less bleeding and thus fewer perioperative blood 
transfusions. Laparoscopic approach was increasingly used from 2010 onwards.  
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Table 8.  Operative details of patients in Study II (reproduced with the permission of the copyright 
holder). 
 
ELAPE (n = 42) APE (n = 27) P 
Surgical access in abdominal phase 
  
<0.0001 
    Open 24 (57) 27 (100) 
 
    Laparoscopic 18 (43) 0 (0) 
 
Operative time, min  237 (6) 166 (9) <0.0001 
Estimated blood loss, ml 442 (42) 1067 (178) 0.0019 
Blood transfusion perioperatively 10 (24) 17 (63) 0.0011 
IOP 4 (10) 6 (22) 0.1336 
Values are given as n (%) or mean (SEM). ELAPE, extralevator abdominoperineal excision; APE, 
standard abdominoperineal excision; IOP, intraoperative perforation. 
The tumour staging was similar in the ELAPE and APE groups (Table 9). Patients 
with complete response after CRT were classified as ypT0 and stage 0. The 
proportions of patients with positive CRM and IOP were smaller in the ELAPE 
group but the differences did not reach statistical significance (Tables 8 and 9). 
Complication profile of the Study II groups is presented in Table 10. The most 
common adverse event was perineal wound dehiscence and/or infection in both of 
the groups. Although the wound problems seemed to be more common and longer 
in duration after ELAPE, the differences were not statistically significant. Poor 
healing of the perineal wound inhibited the use of postoperative adjuvant 
chemotherapy only for two patients (5%) in the ELAPE group and for one patient 
(4%) in the APE group (p=1.000). More patients in the APE group needed 
perioperative blood transfusions, which explains the larger amount of grade II 
adverse events after APE. Two patients in the ELAPE group and one patient in the 
APE group had chronic perineal pain, while one patient in the ELAPE group 
developed a perineal hernia. 
Three patients needed reoperations in the ELAPE group. One patient was 
reoperated for repair of vaginal wound dehiscence and one for abdominal wound 
dehiscence. One patient was reoperated twice, first for postoperative bleeding from 
inferior mesenteric vein and later for necrosis of colostomy. In the APE group, one 
patient was reoperated for small bowel obstruction. There was one postoperative 
death in the ELAPE group: the patient was disoriented immediately after the 
operation and was diagnosed with a brain metastasis. Metastasectomy was 




Table 9.  Histopathological classification and findings in Study II (reproduced with the permission 
of the copyright holder). 
 




    pT0 4 (10) 1 (4) 
 
    pT1 2 (5) 1 (4) 
 
    pT2 6 (14) 4 (15) 
 
    pT3 20 (48) 14 (52) 
 
    pT4a 3 (7) 3 (11) 
 





    N0 26 (62) 16 (59) 
 
    N1a 6 (14) 2 (7) 
 
    N1b 1 (2) 5 (19) 
 
    N2a 5 (12) 1 (4) 
 





    M0 36 (86) 26 (96) 
 
    M1a 4 (10) 1 (4) 
 





    0 4 (10) 1 (4) 
 
    I 5 (12) 2 (7) 
 
    II 16 (38) 13 (48) 
 
    III 11 (26) 10 (37) 
 
    IV 6 (16) 1 (4) 
 
Number of nodes retrieved 14 (6) 12 (4) 0.1020 
CRM involvement 10 (24) 11 (41) 0.1358 
CRM, mm 4.8 (0.7) 3.6 (0.8) 0.2672 
Values are given as n (%) or mean (SEM). ELAPE, extralevator abdominoperineal excision; APE, 
standard abdominoperineal excision; CRM, circumferential resection margin. 
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Table 10.  Adverse events in Study II (reproduced with the permission of the copyright holder). 
 
ELAPE (N = 42) APE (N = 27) P 
Clavien-Dindo grade     0.3574 
    0 12 (29) 6 (22)   
    I 7 (17) 0 (0)   
    II 18 (43) 20 (74)   
    IIIa 1 (2) 0 (0)   
    IIIb 3 (7) 1 (4)   
    IV 0 (0) 0 (0) 
 
    V 1 (2) 0 (0)   
Perineal wound dehiscence and/or infection 19 (45) 8 (30) 0.1948 
Time to healing of perineal wound, weeks 8.5 (1.92) 3.5 (1.44) 0.0731 
Values are given as n (%) or mean (SEM). ELAPE, extralevator abdominoperineal excision; APE, 
standard abdominoperineal excision. 
Adjuvant chemotherapy was administered to 31 (74%) and 17 (63%) patients in the 
ELAPE and APE groups, respectively (p=0.3393). For 6 (14%) and 2 (7%) patients 
it was deemed unnecessary by the MDT meeting. Old age and comorbidities 
prevented the use of chemotherapy significantly more often in the APE group than 
in the ELAPE group (7 [26%] versus 1 patients [2%], p=0.0047). 
Survival was assessed for the patients with primarily non-metastatic disease to 
evaluate specifically the effect of operative technique (ELAPE) on survival. 
Therefore the patients with synchronous metastases were excluded. The mean 
follow-up times for the ELAPE and APE patients were 3.2 and 5.8 years, 
respectively. Kaplan-Meier curves of OS and DFS are presented in Figure 6. In 
statistical analyses, there were no differences between the two groups, even when 
adjusted for age and adjuvant treatment. There were 3 (7%) LRs in the ELAPE group 




Figure 6.  Overall survival (p=0.8173) and disease free survival (p=0.6311) of patients in ELAPE 
(n = 36) and APE (n = 26) groups in Study II. ELAPE, extralevator abdominoperineal 
excision; APE, standard abdominoperineal excision. (Reproduced with the permission 
of the copyright holder). 
5.3 Location of local recurrence after modern 
multimodality treatment (Study III) 
Clinical and pathological tumour staging, (neo)adjuvant treatments given and 
operative details of the 320 patients with stage I-III rectal cancer are shown in Tables 
11 and 12.  
During a median follow-up time of 5.5 years, 35 (11%) of the stage I-III 
patients developed LR. The median time from surgery to diagnosis of LR was 1.6 
years (interquartile range 2.2). Altogether 25 (71%) of them were detected during 
scheduled follow-up visits, while the remaining 10 (29%) LRs caused symptoms 
which led to expedited diagnostic examinations. The LRs that were detected by 
routine follow-up were found by rising CEA level in 20 patients (80%), on clinical 
examination in 4 patients (16%) and by control CT in one patient (4%). The 
diagnosis of LR was verified by biopsy in 16 (46%) patients, in others the diagnosis 
was based on imaging, mainly PET-CT (11, 31%) but also CT and MRI. At the 
time of diagnosis of LR, 16 (46%) of the patients had also distant metastases. The 
majority of the isolated LRs (14, 74%) were either inoperable on the basis of 
imaging studies or the patient was unfit for redo surgery. Operative treatment of 
LR was attempted in the remaining five cases. One was radically resected, two had 
an R1 resection of their LR and two were found to be inoperable in laparotomy. 
Overall survival was significantly lower for patients with LR compared to those 
without LR (Figure 7a). 
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Table 11.  Clinical and pathological features of patients in Study III.  
 All patients 
n = 320 
No LR          
n = 285 
LR               
n = 35 
P 
Preoperative clinical T-stagea,b       < 0.001 
    cT1-2 76 (24) 74 (97) 2 (3)   
    cT3 140 (44) 124 (89) 16 (11)   
    cT4 27 (8) 17 (63) 10 (37)   
    Missing 77 (24) 70 (91) 7 (9)   
Location of primary tumour       0.075 
    High rectum 86 (27) 81 (94) 5 (6)   
    Middle and low rectum 234 (73) 204 (87) 30 (13)   
LPLN enlargement in preoperative MRI 20 (8) 15 (75) 5 (25) 0.063 
Perioperative radiotherapy       0.001 
    No radiotherapy 158 (49) 142 (90) 16 (10)   
    Short 5 x 5 Gy 103 (32) 97 (94) 6 (6)   
    Long 50.4 Gy with capecitabine 50 (16) 37 (74) 13 (26)   
    Postoperative radiotherapy 9 (3) 9 (100) 0 (0)   
Pathological T-stageb       0.001 
    (y)pT0 10 (3) 10 (100) 0 (0)   
    (y)pT1 25 (8) 25 (100) 0 (0)   
    (y)pT2 96 (30) 89 (93) 7 (7)   
    (y)pT3 166 (52) 145 (87) 21 (13)   
    (y)pT4 23 (7) 16 (70) 7 (30)   
Pathological N-stageb       0.040 
    (y)pN0 200 (63) 179 (90) 21 (10)   
    (y)pN1 78 (24) 73 (94) 5 (6)   
    (y)pN2 42 (13) 33 (79) 9 (21)   
Adjuvant chemotherapy 145 (45) 124 (86) 21 (14) 0.064 
Values are given as n (%). First column (All patients) describes the frequency and proportion of the 
variable in the entire cohort. Percentages in no LR and LR groups represent the proportion within 
the row variable. LR, local recurrence; MRI, magnetic resonance imaging; LPLN, lateral pelvic 
lymph node; Gy, gray 
a Assessed by preoperative MRI 
b Staging according to UICC TNM 7th edition 
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Table 12. Operative details of stage I-III patients in Study III.  
Variable All patients 
n = 320 
No LR         
n = 285 
LR               
n = 35 
P 
Operation       0.462 
    Anterior resection 188 (59) 169 (90) 19 (10)   
    APE 98 (30) 87 (89) 11 (11)   
    ELAPE 21 (7) 17 (81) 4 (19)   
    Hartmann's operation 13 (4) 12 (92) 1 (8)   
Intraoperative perforation 23 (7) 13 (57) 10 (43) < 0.001 
Anastomotic leakage 13 (7) 7 (54) 6 (46) < 0.001 
Radicality of operation       < 0.001 
    R0 291 (91) 267 (92) 24 (8)   
    R1a 23 (7) 17 (74) 6 (26)   
    R2b 6 (2) 1 (17) 5 (83)   
Values are given as n (%). First column (All patients) describes the frequency and proportion of the 
variable in the entire cohort. Percentages in no LR and LR groups represent the proportion within 
the row variable. LR, local recurrence; APE, abdominoperineal excision; ELAPE, extralevator 
abdominoperineal excision. 
a Circumferential resection margin ≤ 1 mm 
b Circumferential resection margin 0 mm assessed by the pathologist or clinical suspicion of residual 
tumour reported by the surgeon at the primary operation 
The LR was axial in 9 (26%), anterior in 5 (14%), posterior in 9 (26%) and lateral in 
12 (34%) of the patients. Most of the LRs appeared in the previous tumour bed (22, 
63%). After an IOP, the LR occurred in the previous tumour bed in 9 (90%) cases. 
The majority of the tumour bed LRs were posterior (8, 36%) and axial (7, 32%) with 
smaller numbers in anterior (3, 14%) and lateral (4, 18%) locations. 
Only six LRs occurred in the anastomosis and three of these patients had had an 
AL. Anastomotic LRs were found in all of the four locations: two were axial, two 
anterior, one posterior and one was lateral. When compared to patients with tumour 
bed or LPLN LR, anastomotic LRs were more often isolated (83% vs 50% of tumour 
bed and 43% of LPLN LRs), i.e. no distant metastases were detected at the time of 
diagnosis of LR. 
Seven patients developed a LR in LPLN, but only three of them had had a clearly 
enlarged LPLN at the preoperative MRI. Of the other five lateral LRs, four were 
tumour bed LRs, while one originated from the anastomosis. 
The incidence of LR did not differ according to the type of operation used (Table 
12). The R0 resection rate was 91% and LR occurred in 24 (8%) of the radically 
operated patients. Of the 23 patients with an R1 resection, six (26%) developed a 
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LR. There were altogether six patients with an R2 operation, five of whom developed 
a LR. The sixth patient, an 84-year-old man, died two years after the primary 
operation, with no signs of LR or metastatic disease at autopsy.  
In the entire study population, R1 or R2 operation, IOP, AL and LVI were 
identified as significant risk factors for LR (Table 13, Figure 7 b-g). Pathological T-
stage 3-4 and preoperative LPLN enlargement were also significant risk factors in 
univariable, but not in multivariable analysis. Altogether 56 out of the 320 stage I-
III patients in our study had either an IOP, AL or a positive CRM. 27 (77%) of the 
LRs developed to these high risk patients. The number of patients with LR was too 
small to perform subgroup analyses of risk factors for LR in different locations of 
LR. 
For the 28 patients with primarily stage IV disease, the median (range) OS was 
only 16 (2-120) months. Two (7%) of these patients developed a LR during follow-
up. One was a posterior tumour bed LR and the other was a lateral LPLN LR. 
Table 13.  Cox univariable and multivariable analysis of risk factors for local recurrence in Study 
III.  
 Univariable analysis 
HR (95% CI), p 
Multivariable analysis  
HR (95% CI), p 
Age over 70 years 1.5 (0.8-2.9), p = 0.251   
Male gender 0.8 (0.4-1.6), p = 0.582   
Pathological stage     
    (y)pT3-4 3.2 (1.4-7.3) p = 0.006 1.9 (0.4 - 9.3), p = 0.397 
    (y)pN1-2 0.9 (0.4-1.7) p = 0.685   
Poorly differentiated, grade 3 tumour 1.0 (0.5-2.3) p = 0.943   
Lymphovascular invasion 2.0 (1.0-4.0) p = 0.048 5.7 (1.3 - 25.0), p = 0.022 
LPLN enlargement in preop MRI 2.8 (1.1-7.3) p = 0.039 1.3 (0.2 - 6.8), p = 0.766 
Position in middle or low rectum 2.4 (0.9-6.3) p = 0.065 1.7 (0.4 - 7.5), p = 0.468 
Abdominoperineal excision 1.4 (0.7-2.7) p = 0.331   
Radicality of operation     
    CRM ≤1mm (R1-2) 6.3 (3.1-13.0) p < 0.001 25.0 (5.2 - 125.0), p < 0.001 
Intraoperative perforation 7.0 (3.4-14.7) p < 0.001 50.0 (6.6 - 333.3), p < 0.001 
Anastomotic leakage 7.1 (2.7-18.5) p < 0.001 7.6 (1.9 - 29.4), p = 0.003 








Figure 7.  Kaplan-Meier analysis of overall survival (OS, a) and local recurrence free survival 
(LRFS, b-g) stratified by different risk factors. (a) Local recurrence (LR), p <0.001. (b) 
T-stage, p < 0.001. (c) Lymphovascular invasion (LVI), p = 0.044. (d) Lateral pelvic 
lymph node (LPLN) enlargement in preoperative MRI, p = 0.031. (e) Radicality of 
operation, p < 0.001. (f) Intraoperative perforation (IOP), p < 0.001. (g) Anastomotic 
leakage (AL), p < 0.001. 
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5.4 Validation of the Finnish LARS score 
questionnaire (Study IV) 
The participants filled the questionnaires at a mean time of 6.6 years (range 2.8-11.6 
years, SD 2.4) after the anterior resection or closure of protective ostomy. 56 (54%) 
of the patients had major LARS (LARS score 30-42), 26 (25%) had minor LARS 
(LARS score 21-29) and 22 (21%) had no LARS (LARS score 0–20).  
There was a clear, clinically and statistically significant association of the LARS 
severity groups and QoL, as measured with the EORTC QLQ-C30 and QLQ-CR29 
questionnaires (Table 14). This means, that the convergent validity of the translation 
is good. When compared to patients with no LARS, those with major LARS had 
significantly lower scores (i.e. lower QoL and lower level of functioning) on global 
health status/QoL scale as well as on role, cognitive and social functioning scales. 
Patients with major LARS also had higher scores (i.e. more symptoms) for 
symptomatic scales in CR29. The only significant difference between those with no 
LARS and those with minor LARS was in stool frequency. There was also no 
significant difference in the global QoL of those with minor and those with major 
LARS, although the patients with major LARS had more flatulence and fecal 
incontinence as well as embarrassment of their bowel function. 
To assess the discriminant validity of the translation, we compared groups which 
were expected to differ in the severity of LARS. Patients operated with TME had 
significantly higher LARS scores (median 32, interquartile range 15) than patients 
operated with PME (median 29, interquartile range 11; p=0.037). There was also a 
tendency to higher LARS scores for patients treated with CRT or SCPRT (p = 0.132) 
and patients younger than 70 years (p = 0.080), but these differences were not 
significant (Figure 8). When comparisons were made between these risk factors and 
LARS severity groups, the proportion of patients with major LARS was slightly 
higher after RT (19 out of 32 patients, 59%) than after operative treatment only (37 
out of 72 patients, 51%), but the difference was not significant. The mean ages of 
patients with major LARS (71 years), minor LARS (72 years) and no LARS (73 
years) were similar. When analysed separately for groups of patients under and over 
70 years of age, 26 (63%) of the younger patients had major LARS compared to 30 
(48%) of the older patients, but this small difference was not significant. 
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Table 14.  Comparison of global health status/quality of life (QoL) and functional scales on EORTC 
QLQ-C30 and symptom scales relating to bowel functioning on EORTC QLQ-CR29 
between different LARS severity groups (reproduced with the permission of the 
copyright holder). 
Variable No LARS      
(n = 22) 
Minor LARS 
(n = 26) 
Major LARS 








Global health status/QoL (QL2) 80/ 83 (31) 76/ 75 (21) 67/ 67 (33) 0.012* 
Physical functioning (PF2) 87/ 93 (17) 81/ 80 (22) 78/ 87 (38) 0.175 
Role functioning (RF2) 92/ 100 (8) 87/ 92 (21) 82/ 83 (33) 0.035‡ 
Emotional functioning (EF) 90/ 92 (17) 85/ 83 (29) 85/ 92 (25) 0.616 
Cognitive functioning (CF) 94/ 100 (17) 88/ 83 (17) 84/ 83 (33) 0.039# 






Flatulence (FL) 32/ 33 (33) 33/ 33 (0) 51/ 33 (33) 0.006≠ 
Fecal incontinence (FI) 4/ 0 (0) 16/ 0 (33) 31/ 33 (0) <0.001† 
Sore skin (SS) 0/ 0 (0) 14/ 0 (33) 22/ 33 (33) <0.001¶ 
Stool frequency (SFr) 13/ 17 (17) 29/ 17 (17) 39/ 33 (33) 0.001× 
Embarrassment (EMB) 7/ 0 (0) 14/ 0 (33) 38/ 33 (50) <0.001$ 
Values are given as mean/median (interquartile range). 
* Significant difference in pairwise comparison between no LARS vs major LARS (p=0.018) 
‡ Significant difference in pairwise comparison between no LARS vs major LARS (p=0.033) 
# Significant difference in pairwise comparison between no LARS vs major LARS (p=0.039) 
§ Significant difference in pairwise comparison between no LARS vs major LARS (p=0.018) 
≠ Significant differences in pairwise comparisons between no LARS vs major LARS (p=0.030) and 
between minor LARS vs major LARS (p=0.039) 
† Significant differences in pairwise comparisons between no LARS vs major LARS (p<0.001) and 
between minor LARS vs major LARS (p=0.012) 
¶ Significant difference in pairwise comparison between no LARS vs major LARS (p<0.001) 
× Significant differences in pairwise comparisons between no LARS vs major LARS (p<0.001) and 
between no LARS vs minor LARS (p=0.024) 
$ Significant differences in pairwise comparisons between no LARS vs major LARS (p<0.001) and 
between minor LARS vs major LARS (p=0.003) 
In the test-retest subgroup the second LARS questionnaire was returned by 22 of the 
23 patients. 17 (77%) of them were grouped to the same LARS severity category at 
both time points. Intraclass correlation coefficient was 0.77 (95% CI 0.51-0.90), 




Figure 8.  Distribution of the LARS score in different risk groups. A significant difference was found 
between TME and PME (p=0.037), but not between radiotherapy (p=0.132) or age 
groups (p=0.080). TME, total mesorectal excision; PME, partial mesorectal excision; 




6.1 Improvement in quality of care and prognosis 
of rectal cancer 
In Study I, a clear increase over time in OS and CSS of patients with stage I-III rectal 
cancer was found. This coincides with the introduction of MDT meetings, 
centralisation of rectal cancer surgery, increase in the use of preoperative RT and 
implementation of standardised pathology examination and reporting. The use of 
adjuvant chemotherapy in stage III CRC also became slightly more frequent. OS of 
patients with stage IV disease remained constant, with the exception of the subgroup 
of patients who developed metachronous metastases in whom OS increased over 
time. 
The 5-year survival rates in Study I are comparable to those in larger studies 
reported previously (Gunderson et al. 2010, Li et al. 2016). A major improvement in 
OS and CSS occurred during 2004–2008, but DFS did not show a statistical 
improvement at the time. One reason for this may be the incomplete information of 
ICD10 codes or contemporary chemotherapy, on which DFS was based, in 2001–
2003. In recent years, several changes in the treatment of rectal cancer have been 
linked with improved survival, including centralised and improved surgery, MDTs 
(Guren et al. 2015, Kodeda et al. 2015), preoperative RT in rectal cancer (Peeters et 
al. 2007, Brændengen et al. 2008), increase in the number of lymph nodes examined 
(Xu et al. 2017) and more precise adjuvant treatments (Van Steenbergen et al. 2010, 
André et al. 2015). These changes also took place in Turku university hospital, 
resulting in improved survival and also a relatively low recurrence risk, especially 
after 3 years of follow-up, as compared to previously published studies (Guren et al. 
2015, Riihimäki et al. 2016, Augestad et al. 2018). Although it is not possible to 
analyse the impact of one specific change per se on the basis of Study I, it is likely 
that the introduction of preoperative CRT in 2004 contributed to the significant 
decrease in the number of patients with unresectable rectal cancer.  
The results of Study I suggest that the clinical presentation of rectal cancer at the 
time of histological diagnosis remained essentially the same between 2001 and 2012. 
It should be noted that some tumours may be down-staged following preoperative 
CRT. However, since no stage migration was observed, it is estimated that the study 
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cohort and its improved survival are not affected by the possibly earlier detection of 
CRC in Finland. Of note is that comprehensive screening of CRC was not performed 
in the Turku region during 2001–2012. The mean age of the patients only increased 
from 70 to 71 years during the two later periods of Study I, but the proportion of 
patients with comorbidities increased from 14 to 21 %. Inspite of this, survival did 
not decrease. This might reflect better treatment of the patients but it can also be that 
the observed rise in comorbidities is biased by more precise reporting of ICD-10 
codes in the most recent years of the study. 
Only a limited number of patients with stage IV rectal cancer had received 
targeted therapy in the first-line setting, representing clinical practice at the time of 
the Study I. However, 13% of them still underwent metastasectomy. The OS of stage 
IV patients with metachronous metastases improved in 2009, at the same time when 
the use of targeted therapy became more frequent, similar to findings observed 
elsewhere (Hammerman et al. 2015, Stein et al. 2015). It should be noted that a 
specialised liver surgeon began to work in Turku university hospital starting from 
year 2012. After this recruitment, an increase in successful metastasectomy rates and 
earlier use of targeted therapy in stage IV disease have taken place (Heervä et al. 
2018).  
The strength of Study I as a Biobank based study is the combination of multiple 
electronic databases into one dataset which covers the majority of the population in 
the region. The dataset allows the analysis of survival and prognostic factors based 
on real-life data. Since the Finnish electronic medical records system tracks every 
patient until death, no patients in Study I were lost during follow-up.  
6.2 Role of extralevator abdominoperineal excision 
in the treatment of rectal cancer 
In Study II, no difference in the DFS or OS of patients operated by ELAPE or APE 
could be demonstrated. Similar results have been reported in earlier studies (Klein 
et al. 2016, Prytz et al. 2016, Stelzner et al. 2016). The median follow-up time of the 
patients in the ELAPE group was slightly over 3 years, which is still quite short but 
sufficient as most CRC recurrences occur within the first 3 years of follow-up (Baca 
et al. 2011). The survival rates did not differ even though the patients in the APE 
group were older and had more comorbidities. According to Study II, it seems that 
the ELAPE technique offers no survival benefit for the patient when compared to 
APE.  
Although there seemed to be fewer IOPs and less CRM positivity in the ELAPE 
group, the differences were not statistically significant. Recently a Finnish study 
group found a significantly reduced rate of IOP and CRM positivity in a slightly 
larger study population including all patients undergoing APE or ELAPE in their 
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institution, but neither that study showed any increase in OS or CSS of the patients 
in the ELAPE era (Lehtonen et al. 2019). In Study II, the IOP rates were similar to 
their study, but the CRM positivity rates were higher in both groups, which reflects 
the advanced stage of the tumours in the Study II cohort. The proportions of patients 
in the ELAPE group with IOP (10%) and positive CRM (24%) were similar to those 
published recently by professor Holm’s group (IOP 10%, CRM positivity 20%) 
(Palmer et al. 2014). The majority of their patients had T3–T4 tumours, similarly to 
the Study II cohort. On the contrary, in the RELAPe randomised controlled trial 
(Bianco et al. 2017) that reported a significantly reduced rate of CRM positivity 
(ELAPE 6%, APE 41%), the majority of the patients in the ELAPE group had T1–
T2 tumours after CRT. In the population based studies which did not find any 
advantage of ELAPE over APE (Ortiz et al. 2014, Prytz et al. 2014, Klein et al. 
2015), the IOP rates have varied from 4 to 11% and CRM positivity from 6 to 16% 
with both operative techniques. Lower rates represent both the inclusion of less 
advanced tumours and the time frame of the studies. With current attention to 
resection planes in APE, the surgical results of standard APE have improved (Klein 
et al. 2015). The historical comparison group is in this regard a limitation of Study 
II, which can be seen especially in the amount of blood loss in APE patients of Study 
II. Although the difference in blood loss between the study groups can to some extent 
be explained by the more frequent use of laparoscopy in the ELAPE group, it can be 
speculated that with modern insight of pelvic anatomy the blood loss during APE is 
nowadays much smaller. Because all advanced tumours have been operated with 
ELAPE in Turku University hospital since 2009, a contemporary comparison group 
with similar tumours could unfortunately not be collected. 
LR occurred in 7% of the ELAPE patients versus 19% of APE group, but this 
difference was not statistically significant. In previous literature, LR rates of 0–13% 
after ELAPE have been reported (Asplund et al. 2012, Han et al. 2012, Ortiz et al. 
2014, Perdawood & Lund 2015, Shen et al. 2015) and some studies have reached 
significant differences when compared to rates of LR after APE (15–19%) (Han et 
al. 2012, Shen et al. 2015, Stelzner et al. 2016). On the other hand, some studies 
report LR rates as low as 3–9% after standard APE (Asplund et al. 2012, Ortiz et al. 
2014). In clinical practice, the possible decrease in LR rate is very significant for the 
patients, as LR after APE is often inoperable and can cause severe pelvic pain and 
persisting fistulae. 
An important novel finding in Study II was that the tendency to prolonged 
healing of the perineal wound did not inhibit the use of postoperative adjuvant 
chemotherapy. There were no statistical differences in the frequency and grade of 
adverse events, but as perineal wound healing problems are common (45% in 
ELAPE and 30% in APE group), all patients undergoing ELAPE or APE should be 
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informed preoperatively of the high likelihood of wound dehiscence, especially after 
CRT. 
Even though the survival of patients with advanced tumours was relatively high 
and the rate of LR tolerable in Study II, the rates of IOP and positive CRM were still 
rather high. It has recently been shown that especially for anterior tumours with 
threatened MRF, ELAPE does not increase the CRM compared to APE and that in 
these instances a pelvic exenteration might be more appropriate (How et al. 2014). 
It has also been suggested that for tumours infiltrating the levators, ischioanal fat or 
perianal skin, an ischioanal APE should be performed, extending the dissection even 
more laterally to include the fatty tissue around the sphincters (Holm 2014). Further 
research will be needed in the future to assess the benefits of these even more 
extensive procedures. 
6.3 Local recurrence in the modern era 
In Study III, it was demonstrated that in an unselected cohort of stage I-III rectal 
cancer patients who received modern multimodality treatment, the incidence of LR 
was 11%. Although there was a slight predominance of lateral LRs, axial and anterior 
LRs still occur. The majority of the LRs originated from the previous tumour bed. 
Positive CRM, IOP, AL and LVI were identified as independent risk factors for LR. 
Most of the literature assessing the location of LR stems from studies conducted 
in the 90’s and they show a tendency to more lateral recurrences after the use of 
SCPRT or CRT (Enríquez-Navascués et al. 2011). A continuing shift to fewer axial 
and anterior LRs over time was also shown by a recent Swedish registry based study 
including patients from 1995 to 2007 (Westberg et al. 2018). The few studies 
conducted on patients treated within the same contemporary timeframe as Study III, 
included patients with cT3-T4 tumours only (Kusters et al. 2017, Schaap et al. 2018, 
Ogura et al. 2019a). In these studies, the proportions of lateral and posterior LRs 
were similar to those of Study III. The large proportion of lateral LR in these studies 
has led to further research by the Lateral Node Study Consortium to advocate 
LPLND especially if there are enlarged lymph nodes in the lateral compartment after 
preoperative CRT (Ogura et al. 2019a, Ogura et al. 2019b). In Study III only 7 of the 
35 LRs were located in LPLN and less than half of them had had LPLN enlargement 
in preoperative MRI. On the basis of this retrospective study it is impossible to state 
whether these patients would have benefited from LPLND in the primary operation. 
In the future LPLND should be considered in patients with LPLN enlargement in 
preoperative MRI. If pursued, the dissection should be radical, since selective 
removal of bulky nodes only seems to result in an unacceptably high rate of LR of 
over 50% (Schaap et al. 2018, Ogura et al. 2019a). 
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Even though lateral LRs were most common in the Study III cohort, a substantial 
portion of tumour bed and anastomotic LRs were still axial or anterior. It would be 
important to diagnose these central LRs at an early stage since the likelihood of 
curative surgery for LR is much higher in this scenario (Moore et al. 2004, Denost 
et al. 2015, Westberg et al. 2018, Hagemans et al. 2019). The LRs in Study III were 
diagnosed at a median of 1.6 years after surgery, slightly later than in a study with a 
more frequent endoscopic follow-up regime (Räsänen et al. 2015). By focusing more 
intensive follow-up on patients at higher risk for LR, especially those who are 
younger and fit enough for often extensive redo surgery, it might be possible to find 
the central LRs before they metastasise or become inoperable. 
CRM involvement and LVI have been clearly shown to be important prognostic 
factors for LR (Nagtegaal & Quirke 2008, Peacock et al. 2019) and this holds true 
also in Study III. IOP is also a known risk factor for LR (Bülow et al. 2011). 
Although the patients in Study III were operated by experienced colorectal surgeons 
as demonstrated by the high rate of R0 resections, IOP still sometimes occurred. 
Perforation was an independent risk factor in the multivariable analysis, but actually 
four out of ten patients with a LR after a perforation were also in the R2 resection 
category. Contrary to this, the patients with a LR after an AL were all R0 resected. 
In previous literature the association of AL and LR has been debatable. In registry 
based studies from Belgium (Van de Putte et al. 2017), Denmark (Bertelsen et al. 
2010) and Spain (Espín et al. 2015) AL has not been an independent risk factor for 
LR. On the other hand two meta-analyses and a recent French study (Mirnezami et 
al. 2011, Hain et al. 2017, Wang et al. 2017) found an increased risk of LR after an 
AL. The Study III results are in concert with the latter studies and add to previous 
knowledge by defining the location of LR after AL, which tended to be more often 
anastomotic and central. A tight rectoscopy surveillance schedule for all rectal 
cancer patients was recently shown to be unnecessary (Tronstad et al. 2019). This 
holds true also in the Study III cohort, since only six (3%) of the 188 patients who 
underwent anterior resection developed an anastomotic LR, potentially detectable by 
routine endoscopy. It is an aim for future studies to show whether endoscopic 
surveillance of patients with AL will result in earlier diagnosis of LR and thus better 
chance for cure of the recurring disease.  
The incidence of LR in Study III was slightly higher than expected. This can be 
affected by the possibly better coverage of follow-up than in other registry based 
studies, where some LRs might go unnoticed. Data on LRs was meticulously 
collected from prospectively maintained electronic medical records which include 
also results of radiological examinations conducted by primary health care providers 
because of centralised imaging facilities. The postoperative mortality was also 
surprisingly low allowing more patients to be followed-up. 
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6.4 Validity of the Finnish LARS-score 
questionnaire 
In Study IV, the Finnish translation of the LARS score was shown to have good 
psychometric properties. Convergent validity and test-retest reliability were 
excellent. When considering discriminant validity, the Finnish LARS score 
expectedly gave clearly differentiating results for patients operated with TME and 
PME. Patients with TME operation had significantly higher LARS scores than those 
operated with PME, which is in line with findings from previous studies (Bregendahl 
et al. 2013, Jimenez-Gomez et al. 2018, Kupsch et al. 2018). LARS scores and LARS 
severity were also higher for patients treated with RT and in younger patients, but 
without statistical significances.  
Previous studies reporting age to be a significant factor in LARS severity have 
included younger patients with age limit set to 64 years (Bregendahl et al. 2013, 
Kupsch et al. 2018). On the other hand, in two recent studies with mean ages of 63 
and 70 years, age was not an independent risk factor (Jimenez-Gomez et al. 2018, 
Nuytens et al. 2018). Altogether, of the seven published LARS score translation 
validation studies, only two have reported significant correlations between age and 
LARS score (Juul et al. 2014a, Hou et al. 2015, Juul et al. 2015, Samalavicius et al. 
2016, Akizuki et al. 2018, Hupkens et al. 2018, Liapi et al. 2019). Thus the results 
of previous studies regarding age as a risk factor are inconsistent, although it would 
be logical for younger working aged patients to experience more disturbance to their 
QoL from LARS symptoms than for retired patients with more flexible time tables. 
As the mean age in Study IV was 72 years and only 20 patients were under 65 years 
old, it is possible to speculate that not enough young patients were included to show 
a significant correlation. On the other hand, even with this sample size the directions 
of correlation between the Finnish LARS scores and risk factor groups were as 
anticipated. Thus the discriminant validity of the translation can be considered as 
satisfactory. 
As the included patients were long-term survivors of rectal cancer, the proportion 
of patients who had received CRT (4%) or SCPRT (25%) in Study IV was unusually 
low (Table 4). During the same timeframe 51% of all patients with rectal cancer 
treated in Turku University hospital received RT (Study I). This reflects the correct 
use of RT for patients with bad and ugly tumours only (Glynne-Jones et al. 2017), 
who unfortunately also have shorter OS or need an APE instead of anterior resection. 
A follow-up study of the TME trial found a 56% prevalence of major LARS in 
irradiated patients 14 years after the treatment (Chen et al. 2015). This percentage is 
in concert with the prevalence of major LARS after RT in Study IV. The reason for 
the surprisingly high proportion of major LARS in the group of patients treated 
without RT is unclear. It can be speculated, that a patient who has major defecatory 
Discussion 
 65 
symptoms, is more likely to fill in and return the questionnaires than a patient who 
is satisfied with his or her bowel movements.  
Some of the previous LARS score translation validation studies have used the 
EORTC QLQs to assess convergent validity (Hou et al. 2015, Juul et al. 2015, 
Hupkens et al. 2018). Results have shown significant differences in the QoL of 
patients with no LARS and major LARS. On the other hand, pairwise comparisons 
of differences between all three LARS severity groups have seldom been made. Only 
an international multicenter study analysed the impact on QoL of minor LARS in 
comparison to no LARS and major LARS (Juul et al. 2014b). In this study, authors 
presented significant differences between those with minor and major LARS, but the 
differences between patients with no LARS and minor LARS were small and 
clinically irrelevant although statistically significant. In Study IV, further pairwise 
comparisons of EORTC QLQ scores between the different LARS severity groups 
were performed. Special interest was placed in the symptom scales of EORTC QLQ-
CR29, which have not been previously analysed to this extent in relation to all three 
LARS severity groups. Like in the above mentioned studies, the differences between 
those with no LARS and major LARS were significant. But although the EORTC 
QLQ-C30 could not pick up significant differences in the global QoL between those 
with no and minor LARS or minor and major LARS, there was a clear progression 
of defecatory symptoms when stepping up from no to minor LARS and from minor 
to major LARS. Differences in the mean symptom scores of 10 or more like in Study 
IV are also considered clinically significant (Fayers et al. 2001). Therefore the 
division of patients to no, minor and major LARS groups according to the Finnish 
LARS score can be considered valid. 
6.5 Limitations of the study 
Study I: Major limitation of Study I is its retrospective setting. There can also be 
selection bias affecting the OS results, since comorbidities had an effect on survival. 
Rectal cancer patients need to be fit enough for surgery and those with biopsy-only 
were left out of survival analyses since disease stage was determined by the 
postoperative pathology report. Since less patients with comorbidities were operated 
in the 2001-2003 interval and more were only biopsied, the effect of the selection 
bias is probably highest in this earliest study group.  
 Study II: In addition to the historical comparison group, limitations of Study II 
include its retrospective setting and relatively small sample size. For a single-center 
study, it would require a much longer time period to include more patients. On the 
other hand it is a strength of this study that all patients in both study groups have 
been operated in a single center by the same experienced surgeons during a time 
frame in which there were no significant changes in the adjuvant therapy regimes. 
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All data were collected retrospectively, but from prospectively maintained electronic 
medical records. Finnish cause of death records are also very precise and accurate, 
so survival analyses can be considered very reliable. 
Study III: The major limitations of Study III are its single center setting and 
retrospective nature. The number of LRs in different locations within the pelvis was 
also too low to make firm conclusions on the risk factors for LR in these subsets. 
Therefore, for example the association of AL and anastomotic LR needs to be 
confirmed in future studies. 
Study IV: Limitations of Study IV are its relatively small sample size and the 
fact that patients from a long period of time needed to be included to reach even this 
sample size. This may have caused bias to the LARS severity profile of the 
responding patient group. With a larger patient sample, the results on discriminant 




The conclusions of this study were as follows: 
I During 2001-2012, the OS and CSS of patients with stage I-III rectal cancer 
clearly increased. This was facilitated by the introduction of MDT meetings, 
centralisation of rectal cancer surgery, increase in the use of preoperative RT 
and implementation of standardised pathology examination and reporting.  
II In locally advanced rectal cancer, patients operated with ELAPE do not have 
a better long-term survival than patients operated with APE.  
III In the modern era, the incidence of rectal cancer LR was 11%.  There was a 
slight predominance of lateral LRs. Positive CRM, IOP, AL and LVI were 
independent risk factors for LR. 
IV The Finnish LARS Score –questionnaire is a valid test in the assessment of 
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